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PEEFACB. 



Wb find Davy at the beginning of tlie present cen- 
tury pointing out in his " Essays on Heat, Light, 
^jind the CombinationB of Light " that " bodies exist 
Hfai different states, and these states depend on the 
HnifEerencaa of the action of the attraction and at the 

repulsive power on their coi^nscles." Also that 
"when the attraction predominates over the repul- 
sive motion, the body exists in the state of solidity. 
. . . When the attraction and repalsion are in equi- 
librio the body exists in the state of fluidity. , . . 
^And when the repulsive motion predominates over 
^■be attraction the body exists !n the state of gazity." 
^H In his "Chemical Philosophy," we find him stating, 
^Tit p. 80, that " heat or the power of repulsion may 
be considered as the antagonist power to the attrac- 
tion of cohesion, the one tending to separate, the 
. other to unite the parts of bodies ; and the forms of 
bodies depend upon their respective agencies." 
At p. 69 he states that " for anything we know to 
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the contitiryj gravitation and cohesion may be mere 
modifications of tke same general power of attrac- 
tion, in the one case acting at distances that caa 
easily be measiired, and in the other case operating 
at diBtances which it is difficult to eetimtite." 

Again, at p. 57, He says that " the laws of cryetal- 
lization, of definite proportion, and of the electric 
polarities of bodies seem intimately related ; and the 
complete illustration of their connexion probably will 
constitute the mature age of chemistry." ■ 

At p. 178 we find him noticing that in the 
Electric Light platinam melted more readily at the 
positive than at the negative pole, and that there, 
was a difforeace in appearance between the carbon 
point at the positive, and that at the negative pole. 

Also about the same time we find Dalton pointing 
out in his " New System of Chemical Philosophy,'' 
that " all bodies of sensible magnitude, whether 
liquid or solid, are constituted of a vast number of 
extremely small particles or atoms of matter bound 
together by a force of attraction , , . , besides the 
force of attraction .... we find another force that 
is likewise universal, or acts upon all matter whicli 
comes under our cognizance, namely, a force of 
repulsion .... ascribed to the agency of heat." 

And at p. 114 he speaks of the " great antagonist 
powers of attraction and repulsion," 

Now Davy thought that Light was a body, and 
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as such could enter into chemical combination with 
oxygen, and form a compound of light and oxygen, 
to which he .gave the name of Phosoxygen. 

And Dalton thought that heat was a "subtle fluid.'^ 

And so thinkings neither Davy nor Dalton could 
get any farther. 

But what I wish now to point out is how very 
little^ in spite of all our advantages, we have advanced 
beyond the point reached by Davy and Dalton in our 
knowledge of the relations subsisting between force 
and matter, or of the nature of the action by which 
time after time crystals are formed with the greatest 
precision, or of the nature of the Electric Light, or 
of that of an electric current. That the case is so, 
see Prof. Tyndall still explaining the formation of 
crystals, by polar forces (Tyndall ^^ On Light,^' 
p. 101), or in precisely the same way in which Davy 
endeavoured to explain it. Or listen to Dr. Spottis- 
woode. President of the Royal Society, in a lecture 
before the British Association at York, on the 
5th September, 1881, stating that "We know, it is 
true, how to produce electricity or electrical action 
as well as how to transmit it, by means of wires 
to a distance .... But we know neither what elec- 
tricity really is, nor the process whereby it is trans- 
mitted.^' — Nature, Oct. 6, 1881, p. 546. 

I am going to try and show that if with our 
present advantages we are content to go back once 
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more to the aource, and go over the coarse again, 
verifying Davy's work and narrowly examining the 
whole of the channel, we eball find that uot only 
was Davy right in hia statement that heat or the 
power of repulsion is the antagonist power to the 
attraction of cohesion ; bat right also in his conijec- 
ture that gravitation and cohesion aro mere modifica- 
tiona of the same general power of attraction. And 
then with the help of Newton's discoveries that 
gravity operates between the heavenly bodies as well 
as upon the earth ; and that for every action there 
is always an eqaal and contrary reaction; and with 
the help of the nnmeroos other discoveries since 
made, looking to the principles which underlie the 
laws which have been established in the various 
branches of natural science rather than to the mere 
letter, we shall find a little in advance of the point 
where Dai-y stopped, another channel, which, in 
oar eagerness to push forward, we before over- 
looked, and which indeed is the main channel leading 
straight to the great ocean of truth ; where we shall 
be able to push out in any direction we may 
choose; and where we shall be able not only to 
understand the way in which a crystal is formed, and 
the nature of the Electric Light or of an electric 
■current, but shall be able also to look into the mys- 
teries of the great question of Life which concerns 
us bU so closely. 
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I have referred at paragraph 1 03 to the principle 

of the Lever, but have omitted to discuss the other 

mechanical principles, which do not bear directly 

upon the general question. I might, however, with 

[vantage have pointed out that the fact that with 

^^avity, Light, Heat, and Electi-ical and Magnetic 

the intensity diminishes as the square of the 

itance indicates very clearly in all a centripetal 

centrifugal action ; as ia admirably shown in the 

t»ae of Light, in Miller's "Chemistry," part i., p. 

166, by taking the case of a Inmiuons point emitting 

itinuoufly a steady light, and supposing it to be 

iced successively at the centres of several hollow 

iheres of different diameter. When, it will bs 

apparent that though the inner surfaces of the spheres 

all receive absolutely the same quantity of light, 

that quantity of light is, since the surfaces of spheres 

are to each other as the squares of their radii, 

distributed over four times as large an area when 

diameter of the sphere is four feet, as it is 

the diameter of the sphere is only two feet, and 

lerefore that the intensity at every point on the 

ler surface o£ the sphere four feet in diameter, can 

ly be one-fourth of the intensity at every point on 

le inner surface of the sphere two feet in diameter. 

the same time it will be apparent that the lumi- 

is point which is one foot distant from every f 

lint of the inner surface in a sphere two feet in J 
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diameter^ is only two feet, or twice as far away from 
every point of the inner surface of a sphere four feet 
in diameter. 

In connexion with the chapter on Physiology it 
may be well to notice that jiristotle held (see Grote's 
^' Aristotle/^ p. 463) that in addition to minor 
varieties, there were two great varieties of soul in 
contradistinction to matter, viz. the Nutritive soul, 
common to plants and animals alike, and the primary 
cause of digestion and nutrition, and the Sentient 
soul, communicated by the male parent in the act of 
generation, and confined solely to animals. Also 
that (p. 476) he considered memory to be *^ a move- 
ment proceeding from the centres and organs 
of sense to the soul, and stamping an impression 
thereupon ; whilst reminiscence is a counter-move- 
ment proceeding from the soul to the organs of 



sense." 



In regard to the explanation in the concluding 
Chapter, it is necessary to point out that the general 
idea therein developed originated with Sir Isaac 
Newton, whom we find stating in his third letter to 
Dr. Bentley, that " gravity must be caused by an 
agefai acting constantly according to certain laws ; 
but whether this agent be material or immaterial I 
have left to the consideration of my readers ;^^ after 
having in his second letter stated that '' the 
Motions which the Planets now have could not 
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spring from any natural cause alone, but were im- 
pressed by an intelligent agenf In his fourth 
letter he says explicitly that in his opinion this 
intelligent agent is a Divine agent. The same idea 
we find adopted by Sir J. Herschel, who says, in 
" Outlines of Astronomy/^ that it is but reasonable 
to regard gravity ^' as the direct or indirect result of 
a consciousness and a will existing somewhere/^ 

In conclusion, I would add that I have endeavoured 
to work out the whole argument by experiment, 
avoiding all technicalities, and advancing step by 
step from first principles in such a way that the 
whole statement may be intelligible to the non- 
scientific reader. 

I am fully conscious of the clumsiness of the 
arrangement in many parts, and of much in it that ^ 
is defective, and of much that could be improved ; 
but the two years^ furlough which gave mo leisure to 
put this statement, sketched out before in pamphlet 
form in India, into a practical shape, have now ex- 
pired, and I can devote no more time for the 
present to the work, and must therefore leave it, 
being convinced that in spite of all its defects, it 
presents a complete chain connecting all branches 
of Natural Science, and one which, though some of 
its links may have to be replaced or strengthened, 
will stand the tests of time and rough usage. 

October 23, 1882. 
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moons or satellites'are, in the same way, coerced by 
the planets^. 

"Whilst, on the earth, we find that the different 
masses of rock, clay, sand, water, air, &c., of which 
the earth is made up, are all held together and com- 
pelled to keep their proper positions by the action 
of an attractive force which we call gravity. 

B 
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Then, from the sciences of chemistry and physics 
we learn that the masses abont us of rock, clay, 
sand, water, air, &c., and everything in them, whe- 
ther animate or inanimate, cognizable by our senses, 
are none of them continuous masses ; but every one 
of them consists of an aggregation of exceedingly 
minute separate bodies or particles, of one or more 
out of some sixty or seventy diflferent kinds,. arranged 
singly if the mass consists of elementary substances 
(i.e. substances composed entirely of particles of one 
kind), or in groups if the mass is made up of com- 
pound substances (i.e. substances composed of 
particles of more than one kind, combined together 
in groups, in such a way, that, in the same substance, 
each group contains the same number of particles 
and the same proportion of each of the several kinds 
of particles in the substance, arranged in the same 
way, as every other group in that substance con- 
tains) . Also we learn that, in such of these masses 
as are solids, the particles or groups of particles 
of which each mass is made up, are bound together, 
particle to particle or group to group, by cohesive 
force. And further, we learn that, in compound 
substances, the particles in each of the groups of par- 
ticles of which the substances are made up, are 
bound together particle to particle so firmly, by 
chemical force, that they do not separate, even when 
the groups are separated from each other and dis- 
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lerseil hither and thither by the converaion of the 
Bnbstauces from the solid into the gaeeoua state. 

The science of electricityj too, teaches us that by 
operatingJh different ways — with magnets, batteries, 
r electric machines — upon the substances of which 
Sie masses of matter on the earth are made up, so aa 
effect changes in the arrangement of the particles, 
fcr in the way they are combined together, or in the 
forces by which the particles are held together, in 
Jiose masses, it is possible to disenga^ from the 
uses force currents manifesting, in a marked 
Segree, the action of attractive force. 

2. On the other hand, there is, to a similar extent, 
jrerywhere- about U8, evidence of the presBnce and 
[ction of a repulsive force pervading all space and 
everywhere resisting and opposing, though every- 

I where held in subjection by the dominaut compul- 
bivB force. 
I For we find, in the heavens, that both the planets 
^d the satellites, under the influence of a centri- 
fugal repulsive force, ceaselessly strive to escape 
fitJm the thraldom of the centripetal attractive force 
by which they are held, and to disperse in space. 

Whilst, on the earth, the particles of which, as we 

have seen, every mass of matter ia made up, are 

Eept apart, particle from particle and group from 

:onp, by an expansive force ; so that every mass 

f matter, whether in the solid, liquid, or gaseous 

B 2 
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state, is able to offer, to a greater or less 
resistance to the action of aoj force tendiiiff 
comprees it, or to drive ita particles closer together 
Also, onJer the action of heat, mountaiDS are Bome- 
times shaken, or upheaved by earthquakes, streanu 
of molten lava are poured forth from vqlcaDoes, the 
surface water of seas is evaporated and raised high 
into the air to form clonds, solids are expanded 
and converted into liquids, and liqaid; 
and even the close association, of particles, in the 
groaps of particles of which compound substances 
are made up, is put an end to. 

Further, the currents, which, as we have seen, -the 
electrician ia able to disengage from masses of matter, 
manifest, under certain circumstances, a repulsive 
as well as an attractive action. 

3. The aim, then, herein will be by investigatingj 
the modes of action and of transference of the forces^ 
which we thus recognize as acting in the universe, t* 
show, in the first place, that the chemical force by 
which particles are coUcctod and bound together tff 
form the groups of particles of which compound 
substances are made up, is both the same force 
the cohesive force by which particles, or groups of' 
particles, are collected and bound together to fona, 
crystals, or solid masses of other fonns; aud alaoj 
the same force as that of gravity, by which' maasei 
of matter are coDected and bound together to foi 
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le heavenly bodies ; the difference in each case being 
one of degree only, due to the action taking effect 
at a shorter or at a greater distance, and not one of 
kind. Also that the proceee by which particles are 
brought together and arranged in regular order in 
the formation of one of the groups of particles of 
■which compound substances are made up, is a 
representation, on a small scale, of tho process by 
which groiips of particles are brought together and 
nged in order in the formation of any one of 
many beautifully regular crystalline forms with 
rhich we are acquainted ; and also, and even in a 
more exact way, is a representation in minia- 
iore of the process by which maagea of matter were 
once brought together and arranged in order in the 
formation of the he.iveiily bodies. And* thus, in 
fact, to show that there is acting throughout the 
universe a single dominant compulsive force, which 
holding, So to speak, in its grasp each particle, each 
3 of matter, and each of the heavenly bodies, 
able, when it receives accessions of strength, to 
;hten ita grasp upon particle, mass, or body, and 
any time to use any particle, mass, or body in its 
grasp, as a centre from which to act upon other 
particles, masses, or bodies, draws the particles toge- 
ther into groups, the groups into masses, the masses 
into heavenly bodies, and the heavenly bodies them- 
abont the source or the centres from v 
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emanates or acts ; thus connecting all together, and 
introducing everywhere law and order. 

Similarly, to show in the same way that, whether 
known to us under the name of Centrifugal force, 
or of Heat, or of Positive Electricity, there is 
acting throughout the universe, side by side with 
this dominant compulsive force, a single repulsive 
force, which attaching itself to each particle, each 
mass of matter, and each of the heavenly bodies, and 
able when it receives accessions of strength to act 
with increased effort upon particle, mass, or body, 
and able also at any time to make use of any particle, 
mass, or body to which it has attached itself as a 
centre from which to act upon contiguous particles, 
masses, or bodies, constantly opposes and resists the 
action of the dominant compulsive force, and strives 
to drive the heavenly bodies far away from the source 
or centres about which .they have been collected by 
compulsive force, to separate and scatter in every 
direction both the masses of matter of which the 
heavenly bodies are made up, and the particles of 
which the masses of matter are made up, and gene- 
rally to wrench the bodies, masses, and particles from 
the grasp of the dominant compulsive force. 

Thus a constant struggle goes on between the re- 
pulsive force and the dominant compulsive force, as 
the one force or the other receives accessions of 
strength, or whenever particles, masses, or bodies 



I 



of the Universe. 7 

Bpecially favour the action of one of the forces in par- 
ticular. But though the repulsive force sometimes so 
far succeeds in its opposition to the compulsive force, 
as to be able to break up masses of matter, and scatter 
the particles of which those masses are made up, it is 
never able absolutely to detach from the particles the 
hold of the compulsive force. Neither, on the other 
liand,iathe dominant compulsive force ever able abso- 
lutely to oast the repnlsivB force from its hold upon 
any particle. But the two forces act everywhere side 
by side on every particle, mass, or body, sometimes 
with greater and sometimes with less effect, with the 
result of introducing everywhere symmetry, and at 
■the same time infioite variety. 

4. In the second place an endeavour will be made 
to show that it is to the struggle which on every 
Bide goes on between the two forces of compulsion 
and repulsion, by which the efforts of the one force 
or the other to tighten its hold on some particle, 
mass, or body, are made good with the effect of dis- 
lodging a portion of the other force, or are repelled or 
reflected ; and to the varying turns the fight takes 
aa force dislodged or reflected from one side rein- 
forcea the direct action of that force on some other 
aide, and acting thus, on that aide with concentrated 
effort, dislodges in its turn a corresponding portion 
of the other force, that all the changes which go on 
around us, and all power of doing or suffering, and 
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all eeQsations, and amongst others those of light and 
heat, are due. 

5. The idea, then, in regard to light and heat, 
which will be presented for adoption, ia that, on the 

one hand, the Bensation of light i^ produced by the 
direct compulsive or dragging action upon the retina 
and optic nerve of the eye of impulaes or efforts of 
compulsive force, tending to tighten the grasp of 
compulsive force upon the eye. 

Whilst the sensation of heat, on the other hand> 
is produced by the direct i-epulaiye or espansive 
action upon the sensor nerves scattered over the body 
of impulses of repulsive force. 

In this way light will be ahoivii to be directly con- 
nected with the dominant compulsive force acting 
throughout the universe, whilst heat will be shown 
to be directly connected with the repulsive force 
which throughout the universe acts in opposition to 
the dominant compulsive force. 

6. We have seen that compulsive force holds in 
its grasp and connects together every particle, eveiy 
mass of matter, and every one of the heavenly bodiee 
in the universe, and that impulses of compulsivo 
force are propagated frqm particle to particle ; and 
yet (bat compulsive force is so stoutly resisted, and 
80 closely beset at every particle by repulsive force, 
that no impulse or accession of compulsive force can 
pass from one particle to another without displacing 
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to an extent proportionate to the strength of the 
impulse, repulsive force. Hence, in passing through 
any mass of matter an impulse of compulsive force 
must not only force for itself a passage at every par- 
ticle by displacing repulsive force, but it must also 
deviate from a straight path at every particle in 
order to get round the obstacle which an interval 
occupied by repulsive force offers, even when a suffi- 
cient amount of repulsive force to give passage to 
the impulse has been displaced, to the direct or 
straight passage of an impulse of compulsive force 
from particle to particle. Thus, although the general 
direction in which an impulse of compulsive force 
travels through any mass of matter may be straight, 
the path of the impulse ^must always be a wavy 
one ; and, besides, since an impulse can only travel 
when it is in sufficient strength to force a passage, 
the movement by which an impulse is propagated 
must often be a spasmodic or intermittent one. 

Hence the impulses of compulsive force, which 
produce in the eye the sensation of light, must 
always travel to the eye by a wave motion, whether 
minor waves are compounded together to form 
larger undulations or no. 

For a like reason impulses of repulsive force must 
travel by a wave motion. 

7. With this view in regard to the nature of light, 
it is seen that light is propagated by an emission as 
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Sir Isaac Newton taught ; though it is propagated 
by an emission of force impulses and not by one of 
minute projectiles, as Newton thought. 

It is also seen that light, as ibhe advocates of the 
undulatory theory say, is propagated by undulations, 
though it is propagated by an undulatojry movement 
in an everywhere active force medium, and not, as 
the advocates of the undulatory theory say, by tjie 
impact of undulations set up in a luminiferous ether, 
a medium invented for the purpose of transmitting 
undulations, and useless for any other; one too 
unrecognized by chemistry, and considered, as Pro- 
fessor Tyndall tells us in his book on Light, p. 49, 
by Sir David Brewster as a contrivance too clumsy- 
for the Creator to be guilty of it. 

8. We purpose, then, first to proceed to the con- 
sideration of the nature, action, and distribution of 
force in general, and afterwards to consider force 
separately in its relation to the sciences of chemistry, 
electricity, physics, physiology, &c., and hope to 
be able to show first that force when considered 
generally naturally differentiates into force of two 
kinds, which in the absence of better names we may 
call compulsive and repulsive force, of which the 
function of the one kind is to attract and that of the 
other to repel ; though except in the oppositeness of 
their aim or action the two kinds are in all respects 
absolutely alike ; just as the soldiers of two contend- 
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ing armies may be, except in the oppositeness of 
their aim, and that the one strive to compel and the 
others .to repel, in all respects absolutely alike. 
We shall hope to show secondly in a review of some 
few of the facts taught by chemistry, not only more 
fully the existence and action of these two kinds of 
force, bub also that the development of force of one 
or other or both of these two kinds is attended 
with emissions either of light or of h^at or of both 
light and heat together. We shall then, in the third 
place, hope in the study of some of the facts demon- 
strated b^ electricity completely to establish a rela- 
tion between light and compulsive force, and heat^ 
and repulsive force. Lastly, after showing that the 
physical properties of light and heat testify to the 
truth of this view, we hope, in a brief examination 
of a few of the facts which physiology reveals, to 
show how the oppositeness of the action of light 
and heat is turned to account in the development of 
living platits and animals, and in the supply of 
their, many wants. 
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CHAPTER II. 

FORCE. 

9. The sciences of. chemisti'y and physics teach 
us, ai^ we have already seen, that matter is not, as it 
sometimes appears to be, cpntinuous throughout ;. but 
that every mass of matter, whether in the solid, , 
liquid, or gaseous state, is an aggregation of a 
number of exceedingly minute bodies or separate 
particles of one or more of some sixty or seventy 
different kinds. Chemistry farther shows that all 
particles of the same kind are of the same weight, 
though particles of one kind differ more or less in 
weight, from particles of every other kind. Thus 
for example a hydrogen particle is of the same 
weight as every other hydrogen particle wherever 
found; but a hydrogen differs in weight from an . 
oxygen particle, or from a particle of any other 
kind. So too an iron particle is of the same weight 
as every other iron particle ; but, at the same time, 
an iron particle differs in weight from a carbon 
particle, or from a particle of any other kind. 
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It is not, however, to be supposed that the 
actual weight of a single particle of any kind is 
known. Particles are far too minute objects to be 
distinguished by the eye, even when aided by the 
most powerful microscopes known to us, hence it is 
quite impossible to separate and weigh single par- 
ticles. The proportion, however, which the weight 
of a particle of any kind bears to the weight of a 
particle of hydrogen can, as we shall see hereafter, 
be ascertained, and from this, the fact that all par- 
ticles of the same kind have the same weight can be 
demonstrated. 

10. Having thus learnt that matter, in all its forms, 
is made up of aggpegations of particles, which, when 
of the same kind, are all of the same weight, though 
particles of one kind differ in weight from particles 
of every other kind, we have now to show that every 
one of the particles of which matter is composed is 
in the grasp, so to speak, of two forces, one of com- 
pulsion and the other of repulsion, and that by the 
force of compulsion the particles are drawn together 
into groups or masses, and held together when they 
are grouped or massed, and by the force of repulsion 
the particles are at the same time kept apart particle 
from particle. 

11. If then we procure a number of short straight 
bars, square in cross section and with square ends, 
of one of the elementary substances, such, for 
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example^ as iron^ taking care that the metal in the 
bars is perfectly pure, and that the bars are all 
throughout uniformly of the same density, of the 
same length, and of the same breadth and thick- 
ness, and therefore of the same volume, and of the 
same weight, one as another ; and, borrowing from 
an engineer a machine for testing the tensile and com- 
pressive strength of materials indicating exactly 
the amount of the load or force by which any solid 
body under examination is at the time strained ; also 
instruments for measuring accurately the dimensions 
of solids, and for ascertaining the weight of any 
solid body ; and from an electrician a thermo-electric 
pile with a galvanometer attached for the purpose of 
ascertaining temperature, proceed to examine the 
bars of iron : we shall find, if we take one of the 
bars and, after securing one end of it in the machine, 
apply a load or rending force to the other end of 
the bar tending to tear the bar across, that so long 
as the load or force is not very great the bar will 
successfully resist its action ; but if, however, the 
load or force applied to the bar is continually increased 
the bar will be continually lengthened, and after a 
time will give way and be torn across. 

If now we take two of the bars together, instead 
of a single bar, we shall find, making allowance for 
the roughness of all practical tests of this sort, 
that twice as great a load or force as will suffice to 
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break a single bar will be required to break two bars 
together. Similarly if we take three bars together, 
we shall find that three times as large a load or force 
as will suffice to break a single bar will be required 
to break three bars together; also four times as 
large a force as will suffice to break a single bar 
will be required to break four bars together, and 
so on. 

Or if, on the other hand, we take one of the bars 
and instead of putting it under a tensile strain, put 
it under a compressive strain by applying, after one 
end of the bar has been secured, to the other end a 
load or compressive force tending to crush the 
bar; we shall find, if we note the load or force 
required to crush a single bar, and make allowance 
as before for the roughness of practical tests of this 
sort, on testing two bars together in the same 
way as the single bar was tested, that twice as large 
a load or compressive force as will suffice to crush 
the single bar will be required to crush two bars 
together. Similarly we shall find that three times 
the load or force that will suffice to crush a single 
bar will be required to crush three bars together ; 
and four times the load, or force, that will suffice to 
crush a single bar, will be required to crush four 
bars together, and so on. 

But since the bars are all of the same weight, and 
theoretically may all be assumed to be precisely of 
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the same weight, and since all are made of the same 
elementary substance, which may theoretically be 
assumed to be in a perfectly pure state ; since also 
all particles of an elementary substance are of the 
same kind, and are therefore, as we have already 
seen, all of precisely the same weight : it follows that 
all the bars may be assumed theoretically to be made 
up of precisely the same number of particles one as 
another. 

Again, since each of the bars may be assumed 
theoretically to be, throughout its entire length, 
everywhere of the same uniform density, and every- 
where of the same uniform breadth and thickness, 
also everywhere throughout its breadth or thickness 
of the same uniform length ; and since this perfect 
uniformity in the bars is clearly impossible unless 
the particles of which the bars are made up all 
have the same volume one as another, and unless in 
all the particles the length of the particle is the same 
as its breadth or thickness, also unless the particles 
are all symmetrically arranged : it is plain that 
each of the bars may be theoretically assumed to be 
made up of a number of rows of single particles, 
in which the particles are joined together end to end, 
thus making up a number of rows of particles of 
the same length as the bar arranged side by side 
in the bar, much in the same way as pieces of 
thread are arranged side by side in a hank of 
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thread, except tliat the rows of particles, instead of 
being as loose as the pieces of thread in a hank of 
thread, are cemented together side by side, thus 
making up a compact whole bar. For if proper 
appliances for dividing up a bar without either 
straining the metal or causing waste were available ; 
and if, at the same time, our powers of perception 
and of manipulation were extended so far as to enable 
us to distinguish and divide between single par- 
ticles, it is plain that a bar of uniform density 
throughout, made up of particles each having its 
length the same as its breadth and thickness, and 
all being of the same volume, and being symmetri- 
cally disposed so as to make up a bar square in cross 
section, with breadth and thickness perfectly uniform 
throughout its length, and with square ends and 
length perfectly uniform throughout its breadth and 
thickness, could be divided up longitudinally by a 
series of cuts parallel to one of the sides of the bar 
into a number of slices each of the full length and 
width of the bar, and each of the thickness of a single 
particle ; and that then all of these slices would be 
precisely similar to each other, being of the same 
uniform density, length, breadth and thickness, and 
of the same weight, and all containing the same 
number of particles. And it is also clear that each 
of the slices could then be further divided up by a 
series of cuts parallel to one of the edges of the slice 

c 
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into a number of rows of single particles of the fnll 
length of the bar, with the same number of particles 
in each row. And thus the bar would be divided up 
into a number of bars, each consisting of a single 
row of particles. 

Since a!l the bars are nniformly throughout of 
the fiame length, breadth, and thickuesS] it is 
clear that they may all be looked upon as contain- 
ing the same number of rows of particles one 
as another. Hence two bars will contain twice as 
many rows of particles »a a single bar cnntains. 
Also three bars will contain three times aa many rows 
of particles, and four bars four times as many rows of 
particIeB asa single bar contaiuH. But we have Been 
that to break two bars together, whether by rending 
or crushing, requires twice as large a load or force 
as that which will suffice to break a single bar. 
Similarly, to break three bars together requires 
three times as large a load or force, and to break 
four bars together requires four times aa large a load 
or force as that which will suffice to break a single 
bar. Hence, we may say, that if a single bar contain- 
ing auy number of rows of particles requires a certain 
load or force to break it by rending, and a certain 
load or force to break it by crushing, then to break 
twice that number of rows of particles by rending 
will require twice the load or force which sufficed to 
break by rending the smaller number of rows, or by 
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emailing twice the force -which sufficed to break by 
ihing the smaller number of rows of particles. 
Similarly, to break three times that number of rows 
of particles by rending will require three times the 
load or force which sufficed to break by rending the 
original bar, or by crushiug three times the load or 
force which sufficed to treak by crushing the original 
tbar. Also, to break four times that number of rows 
^of particles by rondingj will require four times the 
force which sufficed to break by rending the original 
bar, or by crushing four times the force which 
sufficed to break by crashing the original bar. 
Hence we may conclude that when any one of the 
bars is loaded or strained by a load or force tending 
either to tear, or to crush it, each row of particles in 
the bar offers an equal amount of resistance to the 
action of the load or force. And further, that if it 
were possible to obtain and test a bar made up of a 
single row of particles, then such a bar would be able 
to resist the action of a rending load or force tending 
bo tear its particles apart half as large as the rend- 
ing load, or force, which a bar made up of two similar 
■W8 of particles could resist ; also a crushing load 
force half as large as the crushing load or force 
'hich a bar mads up of two similar rows of particles 
conld resist. Also, that it would be able to resist 
the action of a rending load or force, or that of a 
Omahing load or force, one-third of the rending load. 
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or force, or of the crusting load, or force, which a 
bar made up of three Bimilar rows of particles could 
resist. 

But, in order that a number of separate particles 
arranged in a single row may be able to hold to- 
gether so far as to resist the action of a load or 
foroe tending to tear them apart, and at the same 
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Fi0.1. Fig-2-. Fig.S. 

Sbo^ng rows of partlclei cnormooalj enlarged. 
HoldiDg on panicles or portions of parUcl^s are ehoded. 
Holding off paniclea or portioni of particles are nnabaded^ 

time to hold each other off so far as to be able to 
resist the action of a load or force tending to crush 
them together, it is clear that either each particle 
must, at the same time, hold on to and hold off the 
particloa on cither side of it in the way shown 
ig.'l ; or every particle must hold on t6 the next 
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particle to it on one aide and hold off the next 
particle to it on the other side in the way shown in 
Fig. 2 ; or else the particles must he of two natures, 
the one nature being endued with the power of 
holding on to, and the other nature with the power 
of holding off other particles, and be arranged in pairs 
BO that the particles endued with tho power of holding 
on may alternate with the particles endued with the 
power of holding off other particles in the way shown 
in Fig. 3. But though something may doubtless be 
in favour of each of these three views of the 
way in which particles in a row are enabled to resist 
,the action both of a rending and of a crushing load 
Us force ; with neither of the last two ways is it easy 
to see how impulses of force can travel, as we know 
they can, from particle to particle. Whereas the 
first of the three ways not only provides a road by 
which impulses of force may travel from particle to 
particle, but also has in support of it the fact tbat the 
heavenly bodies themselves, which are,aa we shall see, 
a^fregationa of different masses of matter composed 
entirely of particles, are plainlyendued with the power 
of holding on to, and holding off, at the same time and 
on the same side, other heavenly bodies. We may 
therefore perhaps safely conclude that single parti- 
cles possess the same powers as are possessed by 
particles when massed together in the heavenly 
bodieSj and that every particle, in a row of particles. 
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both holds on to and holds off the particles on 
either side of it in the manner shown in Fig, 1. 

12. If now, in place of testing bars of iron, cnbes 
of that metal are tested, it will be found that a cube 
of iron is able, on all sides, to resist the action both 
of ft rending and of a crushing load or force. And 
from this we may conclude that a particle of iron both 
holds on to and holds off the other particles of iron 
contiguous to it on all sides in the same mass ; and 
indeed the accuracy of this conclusion will be con- 
firmed if maasesof other form than the cube are tested. 

Similarly, if bars, cubes, and masses of other form 
of the other elementary or compound substEUices, 
in the solid state, are then tested, it will be found 
that all to a greater or leas extent are able to resist 
the action both of rending and of crushing loa^ vet 
forces. 

Hence we learn that every particle of matter in 
the sohd state is able, to a greater or less extent, to 
hold on to and hold off all other particles contiguous 
to it in the same mass of matter. 

We shall see hereafter that particles of matter in. 
the liquid and gaseous states are also able to hold 
on to and hold off all other liquid or gaseous parti- 
cles contiguous to them in the same mass, though 
of course neither hquid nor gaseous particles have 
the same power of holding on to other liquid, or 
gaseous particles that solid particles have. 
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13. We have now to endearour to show that the 
particles which, as we have thus seen, are able both 
to hold on to and hold off other particles contiguous 
to them in the same mass of matter, hold on to each 
other by the action of eompulaive force, which binds 
them together, particle to particle, and hold off each 
other by the action of repulsive force, which tends to 
eeparate them particle from particle. 

14. If then a bar of iron, similar in all respects to 
the bars used in the previous experiments, is strongly 
heated and then measured, it will be found to have ex- 
panded in every direction, though at the same time, if 
care was taken to keep the bar, while it was being 
heated, surrounded with some substance which has no 
chemical action upon iron,it will bo found that the bar 
has not increased in weight. From the fact of the bar 
thus, under the action of heat, expanding and there- 
fore increasing in volume, without receiving an 
increase of weight, or bf the number of particles of 
which it is made up, wo learn that the efEect of 
adding heat to the bar is to drive the particles of 
the bar further apart one from anothor, or to confer 
upon some or all of the particles an increased power 
of holding off other particles. 

But if while the bar is hot, its power of resisting 
the action of a rending load or force tending to tear 
it across is tested in the same way as the strength 
of the other bars was tested, it will be found that 
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the bar while hot is much softer, and less able to 
resist the action of a rending load or force than a 
cold bar is. We thus learn that the addition of 
heat to the bar, while it increases the power of the 
particles in the bar to hold each other off, diminishes 
the power of the particles to hold on to each 
other. 

If the bar is further heated continuously, it will 
continue to expand or increase in volume, and at 
the same time to decrease in strength; until at 
length, if the heat is sufficiently great, the bar will 
melt, its particles having lost the greater part of 
the power of holding on to each other, which they 
before possessed. If the heat is continually in- 
creased, the molten metal will assume the gaseous 
form, in which the volume of the mass will have 
enormously increased, showing that the particles 
have gained in a high degree an increase in the 
power of holding each other oflf, whilst at the same 
time their power of holding on to each other will 
mve been to a corresponding extent diminished. 

We can actually show that compulsive force 
.•asses off from a bar when it is heated. For if the 
iC^ar is made up, along with a bar of some other 
suitable metal, into a pair of a thermo-electric 
battery, and then heated at the junction of the two 
metals, a current, which though a very weak one, 
be shown to exhibit the action of attractive or 
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lompulsive force will pasa from one bar to the other, 
again, tliB luminous rays which the bar, in com- 
lon with other solid bodies, emits when it is heated 
a white heat, cao, if collected by a lens and made 
to impinge upon a mixture of equal volumes of the 
gases hydrogen and chloi'ine, be shown, by their effect 
in compelling the particles of the two gases to unite 
together in chemical combination and form the 
compound substance hydrochloric acid, to exhibit 
the action of compulsive force, 

If the bar, after being heated, is allowed to cool, 
it will continually give off or radiate heat, which may 
be collected and made to produce expansion, or an 
increase of volume, and at the same time a diminu- 
tion of strength, or power to resist the action of a 
litending force in other bodies, 

^ The bar as it cools will contract to the volume it 
occupied before it was heated, showing that ita 
particles have lost the increased power of holding 
each other off which they gained by the process of 
teating. The power thus lost by the particles of the 
can be shown to have passed to the particles of 
Uie other substances, which were heated and ex- 
panded by the bar in cooling. 

If now, however, we take a stout cylinder closed 
at one end and furnished with a tightly -fit ting piston, 
and, after filling the cylinder with some gas such as 
oblorinej and placing the cylinder in a vertical posi- 
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tion, with the handle of the piston uppermost, apply 
a heavy load or weight to the handle of the piston so 
as to force the piston down in the cylinder, and 
thus compress the gas, by applying to it the force 
of gravity or the attractive force of the earth, wa 
shall find that the gas as it becomes condensed 
becomes also heated. If we continually increase 
the load upon the piston, so as to compress the 
gas more and more, in the end the gas will become 
liquid J and finally if the same process is continued 
with the hquid, and heat is at the same tima 
abstracted from it, the liquid will become a solid. If 
the solid thus obtained from the gas is examined, 
and the dimensions of the solid mass are measured, 
it will be found that the mass has gaiued in com- 
paratively a high degree the power of resisting the 
action of a rending force, but at the same time its 
volume has greatly decreased, showing that thongh 
the particles have gained in a high degree the power 
of holding on to each other, they have lost to a 
corresponding extent the power of holding each 
other off. We can show by tho expansive effect at 
the heat abstracted from the gas upon the substances, 
used in cooling the gas, that the holding off power 
which the particles of the gas lost in assuming tha- 
solid condition, passed off to the particles of ths 
substances used in cooling or abstracting heat from' 
the gas. 
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We have thus seen that when iocrementa of heat 
are communicated to a solid iron bar, the holding 
off power of the particles of the bai- is so much in- 
creased, and the holding on power so mnch dimi- 
cushed, that the particles aBsume the liquid, and nlti- 
mately the gaseous condition, and disperse, being 
no longer able to hold together. We have also seen 
that, when increments of an attractive force are con- 
atantlycommanicated to a quantity of gas, the holding 
on power of the particles of the gas is so much in- 
creased, and the holding off power of the particles 
so much diminished, that ultimately the particlea 
assume the liquid condition; and if the process is 
continued to the liquid and beat at the same time 
abstracted, the particlea assume the solid condition, 
and unite into a solid mass. We have seen also 
'that -when the particles of a solid lose holding on 
power under the action of heat, the particles of 
surrounding substances gain an increase of holding 
on power. Also, that when particlea lose holding 
off power under the action of atti'active force, the 
particles of surrounding substances gain an in- 
crease of holding off power. We may take other 
developmenta of compulsive force besides that of 
gravity; as for example, the attractive force de- 
veloped in an electro-magnet by the electric current, 
and by applying by a suitable arrangement the 
attractive force of the magnet to a quantity of gas 
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confined in a cylinder effect the condensatiou and 
iiquefaiction of the gas in the same way as with the 
attractive force of gravity. We may take also other 
developments of repulsive force besides that of heat^ 
as for example the repulsive force developed by an 
electric current, and eflTect instantaneously the 
vaporization of a piece of iron wire. 

Having thus shown generally that when incre- 
ments T^f repulsive force are constantly added to a 
solid mass, compulsive force is dislodged from about 
the particles and repulsive force stored up about 
the particles of the mass, with the effect of gradually 
driving the particles further and further apart one 
from the other, until at length the particles assume 
the gaseous state and disperse, having lost the greater 
part of the compulsive force which was stored up 
about them, and being no longer able to hold to- 
gether in presence of the repulsive force; and 
having shown also that when increments of com- 
pulsive force are constantly added to a mass of gas, 
in which the particles have very little power of 
holding together, but great power of hdlding each 
other off, the effect is to dislodge repulsive force 
with a perceptible development of heat, and to store 
up compulsive force about the particles of the gas, 
and to draw the particles closer and closer together, 
until at last the gaseous mass assumes the liquid 
he solid form, we may therefore conclude with 
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certainty that the holding on power of particles is 
due to the action of an attractive or compulsive 
force, which binds the particles together particle to 
particle ; and that the holding off power of particles 
is due to the action of an expansive or repulsive 
force/ which separates the particles thrusting them 
apart one from another, 

15, We further learn, from the fact that the load 
or weight placed upon the piston of the cylinder 
containing gas was able to transfer to the gas in 
the cylinder the force of gravity or the attractive 
force which tends to draw the load or weight into 
its proper position with reference to the other 
masses of matter on the earth; and from the fact 
that under the action of the attractive force thus 
transferred to the gas the whole ^ or almost the 
whole of the particles of the gas were condensed 
and brought together into a liquid mass, that at- 
tractive or compulsive force can be transferred, or 
can pass both from one body to another and from 
one particle to another, also from particle to particle 
in the same body. 

16. We also learn, from the feet that a heated 
body is able to grow cool, by giving up heat to and 
causing expansion in surrounding bodies ; and that 
a heated body becomes itself more or less heated 
and expanded all over, and ultimately, assumes 
throughout the liquid condition, that heat or repul- 
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Eive force con be transferred or can pa.sB \ 

one body to another and from one particle to anotbw ' 

in the same body. 

17. From the fact that on the one band the 
particles of a solid expand and assume the liquid 
form, when heat is added to them, and compulsive 
force taken o£F ; and the particlea of a liquid, when 
continually heated, expand and assume the gaaeons 
form, as soon as compulsive force to a sufficient 
extent has been displaced from them ; and that on 
the other hand the particles of a gas, when attrac- 
tive or compulsive force ia added, and heat ab- 
stracted, contract and assume the liquid form ; and 
the particlea of the liquid, if compulsive force ia added 
and heat abstracted from them, contract further and 
assume the solid form ; we learn that the solid 
atate differs from the liquid state, in that the par- 
ticles in the solid state have a greater amount of 
compulsive force, about them, holding them to- 
gether, and a smaller amount of heat or repulsive 
, about them, holding them apart, than the 
clos in the liquid state have ; and that the 
i state differs from the gaseous state, in that 
the pai-ticles, in the liquid state, have a greater 
Btnount of compulsive force about them, holding 
them together, and a smaller amount of heat, or 
■ i«pplsive force, about them, holding them apart, 
3 particles in the gaseous state hm 
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Thus tlie solid ia the state in whicli the particles 

have a maximum of compulsive and s, minimum of 

repulsive force about them ; the gaseous is the state 

^in which the particles have a maximum of repulsive 

Hfcreeandaminimum of compulsive force about them ; 

HirHlst the liquid is the state intermediate between 

the solid and the gaseous, and in it neither of the 

forces predominate largely. The accaracy of this 

deduction ia shown from the fact that liquid carbonic 

dioxide, when it is allowed to issue from a small 

orifice in a closed vessel, abandons altocfether the 

intermediate liquid state, and one part, taking an 

^Lncess of compulsive, and giving up the greatest 

^Bossible amoant of repulsive force, aBsumes the solid 

state ; whilst the other part, taking an escess of 

repulsive force and giving up the greatest possible 

amount of compulsive force, assumes the gaseous 



18. It is important to note that, in order to 
[ace a gaa to the liquid state it is not sufficient to 
td pressure alone to^it ; nor is it sufficient alone 
abstract heat from it. For, if while heat ia ab- 
'acted from the gas, the pressure is constantly 
reduced, the gas will not liquefy. For example, in 
Sir G. Nare's " Voyage to the Polar Sea," vapour 
ia recorded, at p. 22S, vol i., to have been seen as- 
cending from cracks in the ice, when the tempera- 
ture in the cracks was — 2° Fahr. Neither will the 
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gas liquefy under any pressure however great unless 
the gas is cooled down below a odrtaiQ temperatare, 
called by Andrews the critical point (see Roscoe's 
"Choraistry," Vo!. i. p. 79, where it ia stated that 
carbonic dioxide, which at a temperatare of 0" C, 
liquofies at a preBaure of 38"60 atmospheres, cao 
be subjected to a pressure of 150 atmospheres with- 
out liquefying, if the temperature of the gas exceeds 
30'^.92, which is its critical temperature). Thus, to 
reduoe a gas to the liquid state pressure must 
ordinarily be added and heat abstracted. 

19. Similarly in order to reduce a liquid to the 
solid state pressure must be added and heat ab- 
atnwtecl ; forit appears from Roscoe's " Chemistry," 
vcl. i- p. 22C, that water, which at the ordinary 
pi-cssure of the atmosphere freezes at 0° C, can, 
k j^imiaished pressure, be cooled down to 
^ freeziiig. 

gather hand, in the liquefaction of 

tlid oonversiou of a liquid into a gas, 

- must be abstracted as well as 

For it appears from Roscoe's 

tip. 227, that sulphur, which 

Qij-ftt a pressure <if 1 atmosphere, 

I preesnre of 7112 atmospheres, 

D.5°C.to melt it. Again, water, 

taperatare of 100° C. at the ordi- 

Er the atmosphere, requires, ' 
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.nder a greatly increased presanre, a much higher 
temperature to boil it. 

L. It is necessary perhaps to notice the fact that 
.some sabstances, such as water, bismuth, &c., 
:pabd ia passing from the liquid to tho solid state, 
itead of contracting, as other substances do. 
.e expansion of these substances in solidifying, 
and their contraction on liquefying, may be ex- 
plained by the assumption that these euhatances 
adopt, in solidifying, crystalline forms, which do not 
fit exactly into each other; so that a solid mass 
made up of crystals with intervals actually occupies 
a greater volume than the same mass occupies in 
the liquid Btate. Hence these aubatances expand 
on assuming the solid state ; and contract by the 
filling up of intervals, in passing from the solid to 
the liquid state. 

22. From the fact that particles of a gas are able, 
in a liquid, to collect together and form bubbles, 
■© learn that the particles of a gas, however loose 
hold on each other may, at first sight, appear 
"be, have not altogether lost compulsive force. 
ive, besides, in Professor Tait's vortex 
(see "Recent Advances in Physical 
," p. 292} a beautiful example of the way 
particles of air hold together. The smoky air, in- 
side the box, with which these rings are made, 
is in a different condition irom the air outside, 





i its particles, for reasons which will afterwards 
be apparent, iu contact with tha solid particles in 
suspension in the smoky air, hold on to each other 
more firmly than air particles ordinarily do ; hence 
when, by a smart blow delivered upon a towel or 
piece of cloth stretched across the box on one side, 
from which the woodwork has been removed, a 
mass of smoky air has been expelled from a ronnd 
hole in the opposite side of the box, the particles in 
the mass of smoky air hold together after the mass 
has been expelled from the box; and holding to- 
gether the mass takes the form of a ring; bee 
the particles at the edge of the mass cling to the 
aides of the bole, and start with diminished force 
and velocity j whilst those in the middle being com- 
paratiyely unimpeded, start under the full force of 
the blow, and open out, rotating easily the i 
alowly moving particles at the outer edge; thus 
forming a hole through the middle of the mass, for 
precisely the same reason that the particles in the 
middle of a disc of any soft snhstanco open ont, 
when a blow is strnck on the middle of the disc, 
and form a hole in the middle of the disc. The 
after movements of these rings of smoky air as they 
pursue or impinge against each other present some 
peculiarities which will be appreciated when wa 
consider the suhjeet of motion. 

23. From the fact that particles of a liquid drati 
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together and form drops, or move in streams, we 
learn that the particles of a liquid have a con- 
siderable amount of compulsive force about them. 

24. From the fact that a film of air is often seen to 
be attached to the surface of a solid, When the solid is 
plunged into a liquid ; and from the fact known to 
chemistry that some solids, when in a porous con- 
dition, such as spongy platinum or carbon, are able 
in a. very marked way to condense gases in their 
pores, we learn that the surface particles of a solid 
hold on to, or are connected with the particles of 
gasses contiguous to them. 

25. From the fact that films or drops of liquids 
are often seen attached to solids ; also from the fact 
that minute tubes formed in soUds are able to draw 
liquids into them by the process of what is called 
capillary attraction ; and from the fact that liquids 
are able, in many cases, to dissolve soUd masses, 
pulling them, as it were, to pieces, we learn that the 
surface particles of a solid hold on to, or are con- 
nected to, the particles of a liquid contiguous to them. 

26. From the fact that a stream of a liquid carries 
down with it bubbles of a gas through which it 
passes : also from the fact that, when liquids and 
gases are in contact, portions of the gases are 
generally dissolved in the liquids, we learn that 
liquid particles hold on to, or are connected to, the 
particles of any gas contiguous to them. 

D 2 
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27. We tbua learn also ttat masses of any solids, 
when placed in a mass of liquid, or of a gas, are 
directly connected toffether by the particles of the 
gas, or of the liquid in which the solid maasea are 
placed. 

28. But though the surface particles of a solid cau 
thus be shown to hold on to the particles of a gss, 
or of a liquid contiguous to them, and the particles 
of the gas, or liquid thuB connected to the particles 
of the solid in their turn hold on to the other par- 
ticles of the liquid, or gaa contiguous t-o them more 
firmly than the particles of the gas or of the liquid 
generally hold on to each other, so that a film of 
the ga3 or of the liquid is formed about the surface 
of the solid; or when the solid is finely divided np 
and distributed, as silt in a river, or as smoke in the 
air, a mass of muddy water is formed, having more 
coherence than clear water, as is sometimes well 
seen at the junction of two rivers, a clear and a 
muddy one, when the water of the muddy river for 
a long distance keeps apart from the clear water, 
or a mass of smoky air is formed, having moi-s 
coherence than a similar maaa of pure air, as is wall 
seen in the case of Professor Tait's vortex rings, 
referred to in paragraph 22 : it is clear that the 
particles of the sobd do not hold on to tho particles 
of the gas, or of the liquid as strongly as they hold 
on to other solid particles. For if two solid 
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of the same substance are bronght togetlier in a 
gaa, or in a liqmd, the two masees wCI not generally 
unite to form a single mass even though the enrfaces 

tare accurately fitted together, and if a portion is 
detached forcibly from any solid mass, the broken 
Surfaces will not generally nnite, even when they 
pre brought immediately together : though there 
are exceptioca to this ; for it is found that two 
pieces of freshly cut lead with smooth surfaces, or 
two perfectly polished plates of glass, or two pieces 
of cast iron with true surfaces, as ia Whitwortb's 
planes,will cohere (Miller's "Chemistry," vol,!., p. 70). 
■ We thus learn that the exposed sides of the surface 
irticles of a solid lose holdiug on power both i;i a 
iqnid and in a gas, At the same time, since liquid 
articles have about them a greater amount of eom- 
Blsive force than the particles of a gas have, it is 
Bear that the esposed sides of the surface particles 
I. solid will lose less holding on power when the 
d is immersed in a liquid than when it is im- 
jljt6rsed in a gaa. Accordingly we find that grains 
f dost and sand, and many other substances which 
■when dry do not hold together, when wetted cling 
together and manifest a considerable amount of 
holding on power. 

. The particles in a liquid are free to turn, and 

laaily displaced at any time ; consequently the 

iicles at the surface of a liquid are constantly 
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presenting fresh faces to the outside : hence two 
masses of the same liquid unite easily, when they 
are brought in contact, provided that the tempera- 
ture of both of the masses is the same. Hence 
also, if the surfaces of two solid masses of the same 
substance are heated, until the particles at the two 
surfaces become mobile and free to turn, the masses 
will unite, if the surfaces are then forcibly brought 
together ; thus masses of iron are joined together by 
welding. 

30. We have thus seen that particles, whether in the 
solid, liquid, or gaseous state, hold on, in a greater 
or less degree, to all other particles, whether in the 
solid, liquid, or gaseous state, contiguous to them, 
by means of compulsive force about them, drawing 
particle to particle. We have also seen that in any 
mass of matter, whether in the solid, liquid, or 
gaseous state, the particles, of which the mass is 
made up, are kept apart by repulsive force acting 
about the particles and separating, or keeping off 
particle from particle. But though particles are 
thus held together and kept apart by the forces of 
compulsion and repulsion about them, it is plain 
that particles do not consist solely of force. For in 
chemistry, as already stated, some sixty or seventy 
different kinds of particles are recognized ; and each 
of these sixty or seventy different kinds of particles 
has a constant form of its own, in which a different 
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disposition of the forces of compulsion and repulsion, 
and a different capacity for retaining these forces 
prevail, from those found with the other kinds of 
particles. This constant form, and the peculiarities 
■which distinguish it, are retained by each kind 
throngh all the changes, which, being due, as we 
have seen in paragraph 17, to variations in the 
relative proportion in which the two forces of com- 
pulsion and repulsion are present ahout the particles, 
occur when particles change from the solid to the 
liquid, or from the liquid to the gaseous state, or 
•DW£ rersiij bo that a particle of any kind at once 
rjTBturns to the normal state of particles of ita kind 
Boon as it is freed from tho iofluenccB by which 
the traosfonnation to another state was effected ; 
also this constant form is retained, through all the 
changes, often of a most complicated character, 
which particles undergo when they enter into 
chemical combination with particles of other kinds, 
ivhereby, as we shall afterwards see, by tho addition, 
abstraction of force, groups of particles are 
irmed, which, when collected into maases, make up 
often differing in all respects from any of the 
elementary substances made up of aggregations of 
any of the particles in the groups taken singly ; so 
that the particles return at once to the normal con- 
dition of particlfs of their kind, as soon as they are 
dissociated from these groups and freed from the 
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influence of the other particles composing those 
groups. And it is manifest that particles^ which 
thus retain constant forms and constant differences 
throughout a great variety of changes, all involving 
alterations in the amount and distribution of the two 
forces of compulsion and repulsion present about 
the particles, cannot be made up alone of two 
variables, such as are these two forces of comipulsion 
and repulsion ; but must include also in their com- 
position a constant element. Otherwise, in some of 
the many changes which particles undergo, all 
involving variations in the relative proportions, as 
well as in the quantities in which the forces are 
present about the particles, it would necessarily 
happen 'that particles of the several kinds, instead 
of constantly retaining each a constant form peculiar 
to itself, would be from time to time transformed 
into particles of other kinds, now of one sort and 
now of another. We thus conclude that each par- 
ticle consists of a central atom of constant form in 
the grasp of the two forces of compulsion and 
repulsion, which form a kind of sheath, or envelope 
about the central atom, on the one hand connecting 
it with, and on the other hand separating it from 
all particles, of whatever kind, or in whatever state, 
immediately contiguous to it. 

81 . The idea of the two forces thus forming a sheath 
or envelope about a particle must not be too far 
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Btrainiid, since there is no actual partition or demar- 
cating, surface between the portion of force acting 
npon any particle, and that acting upon the opposite 
side of any other pai'ticle contiguous to that particle 
.©11 that side ; and the nature of the connexion 
tetween any two contiguous particles, probably more 
nearly resembles that of two bodies held together 
by an elastic tie in the case of compulsive force and 
that of two bodies kept apart by an elastic strut in 
the case of the force of repulsion, than anything 
else. Nevertheless, since, even when a particle 
Beparatea from a liquid, or solid mass, and moves 
off in the gaseous form, the forces still retain their 
hold of the particle, this idea of a force eheath or 
envelope about a pai'ticle, is a convenient one for 
■expressing the way in which the forces i-ange them- 
Bslvea about the central atoms : and we may perhaps 
not incorrectly look upon the sheath or envelope of 
any particle aa extending, on any aide, half-way 
between the central atom of the particle and the 
central atom of the next particle contiguous to it, on 
that side, 

32. Since compulsive force tends to draw the cen- 
,1 atoms of contiguous particles together, and thus 
intract the force sheath, or envelope of the conti- 
guous particles on the sides on which it acts j and 
ince repulsive force tends to drive contiguous 
larticles apart, and thus expand the force aheaths 
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or envelopes of the contignODS particles on the sides 
OQ which it acts ; since also the two forces of compol- 
sioQ and repulsion acting side by side at once connect 
all particles together. and keep all particles apart, 
and thus fill all epace in such a way that on the one 
hand no two particles can be drawn closer together 
on one side by an increment of compnlsive force, 
without a corresponding displacement of repulsive 
force, involving the separation to a similar extent of 
two particles, or a similar extent of separation spread 
over more than two particles, on some other side; 
and on the other hand, no two jiart.ieles can be 
driven farther apart on any other side by au incre- 
ment of repulsive force without a corresponding 
displacement of compulsive force, involving the 
drawing together to a similar extent of two particles, 
or a similar extent of contraction spread over more 
than two particles, on some other side ; it follows 
that the relative proportion in which the two forces 
of compulsion and repulsion are present about any 
two contiguous particles on any side determines the 
distance which separates the two contiguous parti- 
cles on that side and the extent on that side of their 
respective force sheaths. 

33. It follows also that there must be two ways in 
which two contiguous particles can be drawn closer 
together, via. either by transferring compulsive force 
from particles on some other side to the two par^- 
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cles^ and thus displacing from the two particles 
repulsive force, which will produce expansion 
between the particles on the other side from which 
compulsive force was transferred ; or by transferring 
repulsive force from the two particles to other 
particles on some other side, and thus displacing 
from the particles on the other side compulsive 
force, which passing to the two particles will draw 
them closer together. 

Similarly there must be two ways of driving two 
contiguous particles further apart, viz. either by 
transferring repulsive force from the particles on 
some other side to the two particles, and thus dis- 
placing from the two particles compulsive force, 
which will draw together the particles on the other 
side from which the repulsive force was transferred ; 
or by transferring from the two particles to other 
particles on some other side compulsive force, and 
thus displacing from those other particles repulsive 
force, which passing to the two particles will drive 
them apart, taking the place of the transferred 
compulsive force. Accordingly we find this in 
practice to be the case. For if we perform an 
experiment suggested in Miller^s ^^ Chemistry," 
vol. i., p. 61, with which a glass cylinder closed at 
one end is furnished with a tightly-fitting piston 
and tljen half filled with some coloured gas such as 
chlorine, we shall find that the chlorine gas will 
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visibly condensed, showing that the particles of 
the gas are drawn closer together, if either, after 
placing the cyliudGr in a vertical position with tie 
handle of the piston uppermost, we weight tiie 
piston, and bo transfer to the particles of the gas 
the attractive or compulsive force of gravity, which 
acts directly ujjon the particles of the weight in the 
piston J or if we transfer heat or repulsive force 
from its particles to the particles of some freezing 
mixture with which the cylinder is surrounded, so 
that particles of the freezing mixture receive heat 
and expand or are driven apart, while the particles 
of the gas receive compulsive force. Again we 
shall see that the gas will vieibly expand, allowing 
that its particles have been driven further apart one 
irom another, if either we transfer from some heated 
body heat or repulsive force to the gas, allowing 
at the same time the piston to rise in the cylinder; 
or if wo transfer compulsive force from the gas to 
the particles of the air outside by forcibly drawing 
up the piston. We note with reference to this 
experiment that, when the piston is forcibly driven 
down, the gas, as we have already seen, being con- 
densed in the cylinder, is also heated, showing that 
heat or repulsive force has been displaced, and ia 
passing ofE to surrounding objects ; also that, when 
the piston is forcibly drawn up in the cylinder, the 
expanded gas is cooled, showing that the partuddt 
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of gas are taking heat or repulsive force from the 
particles of air surrounding the cylinder, to fill up 
the place so to speak of the compulsive force trans- 
ferred. 

Hence we learn that there are two ways of pro- 
ducing contraction, namely, first by the direct action 
of compulsive force on the side on which the con- 
traction takes place ; and second, by the action of 
compulsive force displaced from some other side by 
the direct action, on that side, of repulsive force. So 
also there are two ways of producing expansion, viz. 
first, by the direct action of repulsive force on the 
side on which the expansion takes place; and 
second, by the action of repulsive force displaced 
from some other side by the direct action of repul- 
sive force on that side. 

33. When therefore we have evidence of the pre- 
sence and action of compulsive force, and notice that 
in connexion with the action of that compalsive force 
an expansion of the volume of any mass of matter 
takes place, we may consider that the expansion 
is due to the action, upon the particles of the 
expanded mass, of repulsive force displaced from 
the particles of some other mass upon which the 
compulsive force is acting directly. 

Similarly when we find in connexion with the 
action of repulsive force a contraction in the volume 
oi any mass takes place, we may consider that the 
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contraction is dne to the action of compalsire 
force displaced by the repalsive force from the 
particles of some other masa on which it acta 
directly. 

31, Ha\"iiig thnaseen that particles consist each of 
a central atom in the grasp of the two forces of com- 
pulsion and repulsion, which form a sort of sheath 
or envelope round the central atom, connecting it 
with, and separating it from tho central atoms of all 
particles of every kind contiguous to it ; also that 
the two forces of compulsion and repulsion, thus 
connecting particle with particle and separatiitg 
particle from particle, fill up together ail tiw 
intervals in space betweea the central atoan. of 
particles, whether these particles are drawn clcM 
together in solid or liquid masses, or dispersed ii 
gaseous masses ; so that although no increment of 
either of the forces can attach itself to any particle, 
mass, or body without displacing, from that particle, 
mass, or body, a corresponding amount of the 
opposite force ; yet through i-oads of com muni cation, 
for both the forces, are open on every side, so that 
increments, or decrements of either of the two fopcea, 
whenever they can force their way, can at any time 
travel from particle to particle from mass to mass 
and from body to body from the ono side of the 
universe to the other; we may now go on to 
consider the way in which the two forces of com- 
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pulsion and repulsion are disposed or distributed 
about the central atoms. 

35. Now single particles, as we have seen, are 
bodies so exceedingly minute that it is quite impos- 
sible for the eye, even with the help of our best micro- 
scopes, to distinguish them; and therefore it is useless 
for us to hope to discern with the natural eye the 
way in which the forces of compulsion and repulsion 
are disposed alongside of each other about the 
central atom of a particle. Nevertheless the natural 
®y®» ^y detecting the peculiarities of form and 
structure, which different masses of matter under 
similar circumstances, or similar masses of matter, 
under different circumstances, adopt, may enable 
the imagination to institute comparisons and in this 
way bit by bit to make a more or less complete 
picture of the particle ; so that although we cannot 
view a single particle with the natural eye, we may 
be able to view one with the eye of the imagina- 
tion. 

. 36. We may notice then that solids usually occur 
in masses bounded by plane faces, though each face is 
often broken up into an enormous number of planes. 
We have in the beautifully regular crystalline forms, 
which many substances adopt in solidifying, striking 
examples of masses bounded with plane faces. We 
have other examples in the perpendicular faces of 
cliffs and in the surfaces of broken masses of rock 
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generally. It is, when solid maasea are exposed to 
the action o£ ruuning water, or to that of other 
liquids, or of gases ; as when Hll s 
to the action of rain, and to that of the torrents wHcii 
i-ain pours down them; or when masses, euch M 
those in the varions animal and vegetable forma, 
are built np, and intersected by streams of blood or 
of sap, then that the surfaces of solid i 
come rounded. 

In masses of bquid, as we may see in a drop or in 
a stream of water, or by watching a ship at sea as it 
sails away from us and disappears bit by bit — firsli 
the hull, then the sails, aud lastly the tops of tho 
masts vanishing from our sight — or in the waves^ 
the exposed surfaces are always rounded, thoug!i 
sometimes the amount of curvature is almost in* 
appreciable ; at the same time the surfaces in liquid, 
masses are regular. 

In masses of gas, as we may see, in the clouds, tli 
in the smoke, in which the form of the gaseon 
masses is indicated by the liquid, or solid partideH 
in suspension in the mass, the surfaces are rounded 
and at the same time exceedingly irregular and coin 
stantly shifting. 

From appearances such as these, we conclude that 
the particles, of which the shifting irregular rounded 
gaseous masses are made up, must necessarily b( 
extremely mobile, able to transmit fores in evwj 
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directioDj and constantly in motion, being driven 
apart, or drawn together by every variation of tem- 
perature, or pressure, and ready to move at once 
abould any impulse of force reach them. 

In regard to the particles of which liquid masses 
are made up, we conclnde from the regular rounded 
forms which liquid masses adopt, and from the readi- 
ness with which these masses yield to the action of 
impulses of force, that the particles of which a liquid 
mass is made up are able to transmit force in every 
direction, and are also mobile, though they have far 
less mobility than particles in the gaseous state 



Ibr'I'roin the evenaesa, stiffoeaa, immobility, and 
t^ularity of solid masses, we conclude that solid 
particles are constant and regular in form, trans- . 
mitting force impulses onward in the same direction 
I that from which they arrive, and very feebly in 
my other direction, but themselves yielding very 
lowly to the action of force. 

37. From the fact that the two sides of crystals, 
knd of animal and vegetable forms generally are sym- 
letrical, we conclude that the opposite sides of solid 
are generally similar. From the fact that 
y substances in nature, when in the solid state, 
besides having in common with all other substances 
each, when they are elementary substances, its own 
peculiar form of particle, or, when they are com- 
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pound substances, each its own peculiar method of 
arranging the particles in the groups of particles of 
which it is made up, also have each its own peculiar 
crystalline forms to which it steadfastly adheres; 
so that each of these substances has, in the crystalline 
forms which it adopts, to quote from Dana's '^ Mine- 
ralogy, '^ ^^ some peculiarity, some difference of angle, 
or some difference of cleavage structure, which dis- 
tinguishes it from every other mineral :'' also from 
the fact that many of these crystalline forma have 
highly polished faces moulded with an accuracy 
which cannot bo surpassed ; and in addition have, 
many of them, the property of cleavage, or of splitting 
readily into layers in certain directions; we may 
infer that in these substances the particles are of 
uniform size and regular form ; just as certainly as 
an engineer, looking at a well-built brick wall, is 
able to infer, when he sees regular courses, fine 
joints, and vertical plane faces, that the wall has 
been built with well-shaped bricks of uniform size. 
We know that though very neat and regular piles 
can bo built with round shot of uniform size, and 
indeed such piles may be, or might have been in the 
days of smooth-bore ordnance, seen any day at any 
arsenal ; vet that walls with vertical faces cannot be 
built with round shot. To build a wall with vertical 
faces, and regular joints and courses, bricks or stone 
of suitable shape are necessary. So also when 
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crystals of regular form, Kaving like the brick wall 
regular courses or cleavage planes, are built up, we 
may be sure that material in the form of particles of 

^ uniform size and regular shape has to be provided. 
88. But we can go a step further, and from tbo 
crystalline forms adopted by some substances in 
flolidifying, we can deduce the actual form adopted by 
the alieaths, or foi'ce envelopes, as defined in para- 
graph 31, of the particles. For we find that many 
fflubatances, such as rock salt, galena (lead sulphide), 
B&c., crystallize in the form of the cube; and, with 
1-some of these substances, we may obtain cubic 
Btcrystals by slowly evaporating solutions of the aub- 
i»taiices, and then, taking ono of the cubic crystals, 
we may, by proper manipulation, feed the crystal 
with a solution of the same kind as that by which 
ibe crystal was originally deposited, in such a way 
lat the crystal while continuing to iucroase in size 
phall constantly maintain the cubic form. 

Again, if we take a cubic crystal of some sub- 
such as galena, which has cleavage planes 
taratlel to the faces of the cube (Dana's " Minera- 
, we can reduce such a crystal in size to 
any extent, while still keeping it in the cubic form, 
by taking off a layer of the same thickness from 
each of the faces of the cube in suceesaion, We 
may thas_. as it were, take the crystal to pieces 
layer by layer, still keeping it in the form of a cnbe. 
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by stripping off from the crystal each time a com- 
plete cubic shell. 

But now, if we think over these facts in connexion 
with the way a brick or stone wall is built up, we 
shall see that crystals, which are thus built up of 
small particles layer by layer, and yet constantly 
retain the cubic form ; and crystals, which can thus 
be taken to pieces layer by layer, and yet constantly 
retain the cubic form, must, almost of necessity, 
be built up of particles, which are themselves 
cubes of uniform size; as otherwise the particles 
could not at once drop into their places so as to 
complete the several layers or shells with perfect 
regularity. 

39. We learn from chemistry that rock salt and 
galena, as well as other substances, such as fluor 
spar and silver chloride, which crystallize in the forin 
of the cube, are compound substances generally 
containing two particles in each of the groups of 
particles of which they are made up. In the case of 
rock salt, each of the groups of particles in it con- 
sists of a particle of the elementary metal sodium 
united to a particle of the elementary gas chlorine. 
In the case of galena, each of the groups of particles 
in it consists of a particle of the elementary metal 
lead united to a particle of the elementary substance 
sulphur. Assuming then that each of the groups of 
particles of which rock salt and galena are respec- 
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t tively made up is in the form of a cuboj wo may, 
lireTnemtering tKat both, compulsive and repulsive 
Jforce are distributed over every side of a particle, as 

fen at paragraph 12, conceive that, in the case 

l-of the rock salt groups, a particle of sodium and a 

irticle of chlorine, and, in the case of the galena 

■ip'oups, a particle of lead and a particle of sulphur, 

■ranged Bide by side in the way shown in 




wtion, in Fig. 
which the force 



sheath i 



elevation, in Fig. 5, in 
envelope, defined as in 



^Htecti' 

^Birhic 

^Bparagraph 31, of each group, is shown in the form 

^Bof a cube divided np into eight small cubes, four of 

attractive and four of repulsive force, arranged two 

and two about each of the two central atoms making np 

the group; BO that there are two small cubes of com- 
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pulsive alternating with two small cubes of repulsive 
force about the sodium particle, and two small cubes 
of compulsive alternating with two small cubes of 
repulsive force about the chlorine particle, of each 
group ; and the eight small cubes together make 
up one large cube of the form shown in Fig. 5, 
having its six faces similar one to the other, each 
face being divided up into four squares, two of com- 
pulsive and two of repulsive force, representing the 
force bonds by which the group is connected with 
the group next it on each side. 

Now since all the faces of the cube shown in 

Fig. 5 are similar one to the other, and the cube is 

perfectly symmetrical throughout, it is clear that if, 

for any reason, a number of precisely similar cubes 

were to be brought within the influence of such a 

"sabe in a central position, so as to be attracted 

the cube, then each of the six faces of the cube 

ndd attach to itself another cube; and there 

i then be six outer cubes grouped* symmetri- 

about the six faces of the central cube. 

pposing now that the four side-faces of the six 

cubes, thus arrranged about the central cube, 

i to take to themselves additional cubes, in such 

Hray that one additional cube should be taken 

itween each pair of side faces opposite to each 

'ither : there would then be eighteen outer cubes, 

mged symmetrically round the one central cube in 
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such a way as to form three belts intersecting each 
other about the one central cube, and to make up a 
figure wanting but one additional cube at each of 




Onblc ciTstal built np oE tnentf-seTeD BmaU cabn of tbe I 


mn ehown in 


onbes gronped, soaa toforiaa complete cubic Bbell, abjnttb 


n(tt<.enlj-Bii 




pDlaiTe force : tbe unsbaded spaces indicate rspnlsiTe force. 





ita eight angles, to make up a complete cubical 
crystal containing twenty-seven cubes. If we sup- 
pose the eight additional cubes required at the 
angles to complete the figure to be taken, . there 
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will then be twenty-six outer cubes, forming a com- 
plete cubic shell about the one central cube. The 
whole forming together a cubic crystal, of the form 
shown in elevation in Fig. 6, built up of twenty- 
seven cubes, arranged symmetrically so as to show 
nine cubes in each face of the crystal and so that 
the six faces of the crystal are precisely similar the 
one to the other. 

Supposing that when the first cubic shell has thus 
been completed about the single central cube, the 
nine exposed faces of the cubes on each of the six 
sides of the crystal, shown in Fig. 6, each and all 
take to themselves an additional cube, so that there 
will be nine additional cubes added to each face of 
the crystal, making a complete layer, one cube deep, 
over each face ; and that then a single row of cubes 
is added to each of the twelve edges of the crystal, 
so as to connect the edges of the six layers of cubes 
upon the six faces of the crystal together, it is 
clear that a second complete cubic shell will be added 
to the crystal outside the first cubic shell ; and that 
the crystal will then be in the form of a cube, made 
^P of 125 small cubes arranged symmetrically, in 
such a way that each of the six faces of the crystal 
'^ill be precisely similar one to another. 

A third cubic shell can then be added in the same 

^^y as the second cubic shell was formed, and 
so on. 



» 
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It will be noticed that tlie first cubic sbell ia 
completed in three stagea, and that the second 
and subsequent cubic shells are completed in two 
stages. 

But now suppose that, during the progress of the 
eecond stage in the formation of the first cubic shell, 
■while an additional cube is being taken up between 
each pair of side faces of the six outer cubes ranged 
about the single central cube, an additional cube is 
also taken by the outer face of each of these sis 
outer cubes; and that these six additional cubes, 
thus attached to the outer faces of the sis cubes 
ranged about the single central cube in the second 
stage of the first cubic shell, shall, during the pro- 
of the third or last stage in the formation 
of the first cubic shell, take to themselves an addi- 
tional cube to each of their four side faces and to 
their outer face '. then, when the first cubic shell is 
completed, there will he a pile with a base of five 
cuhea and a height of two cubes projecting from 
ifflther extremity of each of the three axes of the 
«nl)io crystal. Suppose then that, during the pro- 
gress of the fijst stage in the formation of the second 
cubic shell, each of the exposed faces both at the 
top and at the sides of each of the piles thus formed 
at each extremity of the three axes of the cube, 
takes to itself an additional cube, and that the ex- 
losed faces of ihese additional cubes in their torn 
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take^ dnring the progress of the seoond^ or last 
stage in the formation of tha second caino shell, 
each to itself^ an additional cabe^ so that daring the 
formafcion of the second cabic shelly two cabes are 
added to the height of each pile of cabes thus raised 
about either extremity of each of the three axes of 
the cube^ — ^then it is plain that if the same rate of 
progress is continned dnring the formation of other 
cubic shells^ these piles of cubes about either ex- 
tremity of each of the three axes of the cube will 
increase in height so fast^ and spread out so rapidly 
at the base^ that by the time the third cubic shell is 
completed^ the bases of the piles will have spread 
over and obliterated all the six cubic faces of 
the crystal^ and the crystal will have been trans- 
formed from a cube into an octohedron^ in which 
form it will subsequently remain, and continue to 
grow. 

Bat let us now, on the other hand^' suppose that 
the construction of the cubic crystal proceeded uni- 
formly, without the formation of any excrescence at 
the extremities of the axes, until the first cubic shell 
had been completed ; and that then during the pro- 
gress of the second stage in the formation of the 
second cubic shell the exposed faces of the cubes 
located in the formation of the first stage of the 
second cubic shell should, while the rows of cubes 
were being adjusted along the edges of the crystal to 



of the Universe. 59 

complete the secoDd cubic shell, each take to itself 
an additional cube : then, if subsequently the same 
accelerated rate of progress in the outer faces were 
continued duriug the formation of other cubic shells, 
it is plain that the additions to the faces would 
proceed so fast, and the construction of the edges 
of the crystal would be so much retarded, that the 
crystal would be converted from a perfect cube into 
a cube with truncated edges, and ultimately into a 
rhombic dodecahedron. 

Now the cube, the regular octohedron, and the 
rhombic dodecahedron are the three forms belong- 
ing to what is called the first system of crystallo- 
graphy (Dana^s ^^ Mineralogy ^^) ; but we have seen 
that all these forms can be built up naturally 
ydth particles in the form of the cube. We can 
understand that if the supply of particles available 
for the formation of the crystals is very large, 
the three stages in the construction of the first 
cubic shell, and the two stages in the construc- 
tion of the second and subsequent cubic shells, 
will, practically, run into one another, and that then 
the crystal will take the form of a perfect cube ; but 
that if the supply of particles is scanty, the several 
stages in the construction of each shell will be more 
clearly defined, and also the exposed faces of the 
crystal will be in a better position to obtain a supply 
of particles than the edges are ; and thus that the 
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natnre of tbe snpply of particles for the foj 

of crystals may to a considerable extent determia&J 

whether the crystal shall take the form of a cuhe, 

or that of an octohedron, or that of a rhombic 

dodecabedron, either in a perfect, or in a modified 

form. 

40. We may assnme that, in the formation of s 
crystal in a liqoid, the particles arrange themselves 
in the order adopted in the crystal, before the 
transition from the liquid to the solid state actually 
takes place ; for we find for example from the lact, 
that water, which expands on solidifying, com- 
mences to expand directly its temperature falls 
below 4° C, though it does not actually become solid 
until it is cooled down to a temperature of 0° C, 
plain indications that the particles arrange them- 
selves in crystalline order, with the same intervftli 
between the different groups as are found between 
the crystals iu the solid state long before the tran- 
sition from liquid to solid actually occurs ; since aa 
we have already seen, it is to the intervaU whioli 
occur between the crystals that the expansion of ioe 
is due. 

41. But though, in rock salt and galena, and 
other substances crystallizing in the form o£ tie 
cube, regular octohedron, or rhombic dodecahedron, 
the envelopes of the pai'ticles may thus almost with 
certainty be shown to take the form > 
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by no means follows that all particles take that 
form in their envelopes. Indeed, from the fact that 
many substances in the solid state are much stronger 
in one direction than in another, we may iufer with 
certainty that the central atoms in such substances 
are closer together in one direction than in another, 
and therefore that the particles of such snbstanoes 
iiave envelopes of a prismatic, or other elongated 
form. 

The envelopes of particles of a solid mass which 
extended or compressed under any load, are 
drawn out or compressed, and in this way the 
■change of form which the mass exhibits, is brought 
about. 

The envelopes of particles of a liquid, or of a gas, 
Wten in motion, are constantly being extended, or 
Compressed, as may be seen from the curls and 
eddies which liquid and gaseous masses in motion 
often exhibit. In a state of relative rest, however, 
we may assume that both liquid and gaseous masses 

t adopt regular forms, and, since they both transfer 
force equally in all directions, we may assume that 
ihey, like some solids, adopt the cubic form for the 
Wivelopes of their particles. 
42. Having thus generally glanced at the way in 
which the two forces of compulsion and repulsion 
are distributed in the envelopes of particles, we may 
now proceed to couaider the general question of the 
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transference of forcoj which, as we have already 
seen in paragraphs 15 and 16, takes place between 
particle and particle in a mass, or between mass and 
mass* 

Now if we test any bar by a load, or force applied 
gradually, and then test it by a load, or force ap- 
pUed suddenly, or, in other words, by a jerk or blow, 
in place of a steady pull or pressure; we shall find 
that a load or force, which if applied as a steady pull 
or pressure, will be successfully resisted by the bar, 
will break the bar immediately if it is applied by a 
jerk or blow. This plainly shows that the particles 
of a bar are only able to transfer a definite amount 
of force in a given time, and that if a greater 
amount of force reach the particles of a bar in the 
given time than the amount they are able to transfer, 
the particles yield to the force. 

If again, we take an elastic rod, such, for example, 
as a bar of steel, or better still, a rod of India-rubber, 
and test it by a load or force tending to rend it, but 
take care that the load or force is one which the 
rod is well able to bear, we shall find, as has been 
already noticed, that the rod will first become 
lengthened, and at the same time contracted in 
diameter, and then when it is thus lengthened and 
contracted in diameter it will resist the force by 
transferring it from the end at which it is applied 
to the attachment at the other end. If we increase 
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the load, taking care that the increased load is still 
well within the load the bar is able to bear, we shall 
find that a further increase in length and a reduction 
in diameter occurs ; and so for every other increment 
of force a corresponding increase in length and 
reduction in diameter will take place. As soon, 
however, as the load or force is taken off, the rod 
at once returns to its normal shape, decreasing in 
length and increasing in diameter. Here the beha- 
viour of the rod clearly indicates that the load or 
force has produced compression outside of the rod, 
and in the direction of the source or centre about 
which the force is acting, and has thus, in the 
manner. indicated in paragraph 33, displaced repul- 
sive force, which, in its turn, has produced exten- 
sion in the particles of the bar and a displacement of 
compulsive force away from the ends and towards 
the sides of the particles ; and that the displaced 
compulsive force in its turn has drawn the particles 
of the bar closer together at the side, producing 
contraction in the diameter of the rod ; also that 
the particles of the bar, when thus contracted, 
laterally are able to transfer the force communicated 
to . them by the load at one end to the attachment at 
the other end in a way they could not do before they 
were thus contracted laterally. As soon as the load 
or force is taken off the rod the displaced compulsive 
force recovers its normal position about the particles. 
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If^ on the other hand^ a load or force tending to 
crash the bar is applied to the bar^ a contraction in 
the length, with an increase of diameter, is produced, 
and then the further action of the load or force, if it is 
one which the bar can bear easily, is resisted or trans- 
ferred by the particles of the bar from the end at 
which it is applied, to the attachment at the other end. 
This shows that the load or force has produced 
expansion outside the bar about the source or 
centre from which it acts, and has thus displaced 
from outside the bar compulsive force, which inside 
the bar produces contraction in the length of the 
bar, accompanied by a displacement of repulsive 
force from the ends towards the sides of the particles 
in the bar, where the action of the displaced repul- 
sive force produces expansion ; also, that the par- 
ticles of the bar, when thus expanded laterally, are 
able to transfer the force communicated to them by 
the load at one end to the attachment at the other 
end, in a way they could not do until they were 
thus expanded laterally. When the load or force is 
taken off, the displaced repulsive force recovers its 
normal position about the particles of the bar. 

We may here notice that both compulsive and 
repulsive force are competent to produce, when 
they are applied to a bar of which the end opposite 
to that at which the force is applied is secured to 
some mass of matter able to receive force from the 
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'Jmverse. 

I^jar, contraction in length coupled with lateral ex- 
laion, or elongation coupled with lateral contrac- 
^lioiijor in other words to act either as a rending or as 
* orcshing force according as the end wherg the force 
is applied is nearer to or more distant than the other 
end frOTn the centre about which the force acts. Com- 
pulsive force, on the ono hand, produces elongation 
mpled with lateral contraction in the way already 
ilained, when the end of the bar at which it is 
ilied is nearer to the centre about which the 
le acts than the other end is, and under the same 
ircurastances repulsive force produces contraction 
in length coupled with lateral expansion. Again, 
compulsive force, on the other hand, produces con- 
traction in length from the direct action of compul- 
se force, and lateral expansion from the action of 
lifiplaced repulsive force, when the end of the bar at 
which it is applied ia more distant than the other 
end from the centre about which the force acts ; 
whilst under the same circumstances repulsive force 
produces elongation from the direct action of re- 
pnlsive force coupled with lateral contraction from 
ihe action of displaced repulsive force in the way 
idy explained. 

a rending load or force greater than the bar ia 
to bear is applied to the bar, the bar will yield 
the force or load, and be torn in two, its par- 
being unable to transfer the whole of the 
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force the bap receives, owing to the large amount 
of compulsive force displaced, from the ends of its 
particles. The detached portion of the bar moves 
to or from the centre or source about which the 
rending force acts, until it reaches some position 
where it is able to transfer to the particles of «ome 
other mass the force it receives, or the excess of force 
it has received; or until it reaches some place 
where the load or force ceases to act on it. 

n, on the other hand, a crushing load or force 
greater than the bar is able to bear is applied to 
the bar, the particles of the bar being unable to 
transfer, in their then position, the whole of the 
force they receive, owing to the large amount of 
repulsive force displaced from the ends of the 
particles, will yield to the action of the load or 
force, and the bar will be crushed, the broken parts 
moving to some fresh position either towards or 
away from the centre or source about which the 
force acts ; where either they will be able to transfer 
the whole of the force they receive, or where the 
load or force will cease to act upon them. 

43. If, now, we attach, to the end of a steel or 
other bar, a small block of wood, and then, placing 
the block with the bar attached to it so that the 
block and bar may rest on the ground, apply force 
to the bar in the direction of its length, we shall 
find that, the block being small, the block and the 
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bar with it can be moved easily either towards or 
away from the source or centre about which the 
force acts, according as the force is one of compul- 
sion or one of repulsion. • 

If the size of the block of wood is largely 
increased, the description and density of the 
wood being unaltered, we shall find that, under the 
same force applied in the same way as before, the 
block and bar will move much more slowly and to 
a shorter distance if the force consists of a single 
impulse, than before. 

If the size of the block of wood is continually 
increased, it will be found, in the end, that the 
same force, which moved the small block easily, 
will fail altogether to move the block when it is 
made very large. From what we have already 
learnt in regard to the transfer of force, it is clear 
that the very large block, containing, as it does, a 
very large number of particles, and having a large 
surface and therefore a large number of particles in 
contact with the ground and with the particles of 
the air, is able to transfer to the ground and to the 
air all the force which it receives. On the other 
hand, the small block containing but a small num- 
ber of particles, and being therefore in contact with 
only a comparatively small number of particles of 
the ground and of the air, is unable to transfer by 
that small number of particles the whole of the 

F 2 
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force it receives; hence it moves under the force 
until the whole of the impulse of force has been 
expended, or until some position is reached where 
the block ife able to transfer the whole of the force 
it receives, either because the position is a favour- 
able one for transferring force, or because in it a 
diminished quantity of force reaches the block. 

When heat is applied to a body, we find, if the 
body is what is called a good conductor of heat, and 
has a large extent of its surface exposed to the air, 
or in connexion with some other substance also a 
good conductor of heat, that sometimes the same 
amount of heat, which melts the body easily when it 
is enclosed by some substance which is a bad con- 
ductor of heat, and when the air is at the same time 
excluded, will altogether fail to melt the body when 
it is thus exposed to the air, or in contact with a 
substance which is a good conductor of heat. From 
this it is plain that the body melts when it does 
melt because its particles are unable to transfer 
heat to the particles of the air, or of the sides of the 
vessel in which it is heated, ar» rapidly as it receives 
heat. If the body, after it is melted, is confined 
by the sides of the vessel, or in some other 
way so as to be unable to move away, it will, if 
the heat is sufficiently great, assume the gaseous 
form and then escape in the form of a gas, being 
unable in any other way to transfer the heat it 
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receives. We have seen already that when a quan- 
tity of gas, in a stout cylinder closed at one end and 
furnished with a piston, is compressed by the ap- 
plication of force to the piston tending to drive it 
down the cylinder, the gas will, if it is unable to 
transfer the compulsive force thus communicated to 
it as fast as it receives it, and if at the same time 
the gas is deprived of a sufficient quantity of heat, be 
condensed into the liquid and ultimately into the 
iBolid state, in which the maximum amount of con- 
l^ensation will have been attained. 

From all these experiments, beginning with that 
with the bar, which resisted the action of a force 
applied gradually, but broke under the same force 
applied suddenly, we learn that particles in a mass 
of matter, not only hold together as we have before 
Been by the action of compulsive force, permanently 
in a measure permanently impressed upon the 
lentral atoms of all, and acting between the central 
Btoms of contiguous particles, so as to draw them 
together particle to particle ; and keep apart by the 
action of repulsive force, permanently or in a mea- 
sure permanently impressed upon the central atoms 
of all particles, and acting by thrusting apart the 
central atoms of contiguous particles one from the 
} also that particles in a mass of matter 
her by transforring to the particles con- 
them what we may call the temporarily 
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impressed impulses or efforts of directional compul- 
sive force, which tend to draw the mass, as a whole, 
or in part, in the direction of the centre or source 
about which the force acts ; and of directional repul- 
sive force which tend to drive the mass, in part, or 
as a whole, in a direction away from the centre or 
source about which the force acts. 

So long as the particles of a mass are able to 
transfer, to one another through the mass, and to 
particles of other substances outside the mass, the 
whole of the force in these temporarily impressed 
impulses, or efforts of directional force, which are 
communicated to them, there will be no motion of 
the mass as a whole, or a disintegration of it in part. 
But if the particles of the mass fail to transfer, or 
to pass on from one to the other the whole of these 
efforts or impulses of force, then a disintegration to 
a greater or less extent of the mass will ensue ; or 
if the surface particles of the mass fail to transfer 
the whole of these efforts or impulses of force to 
the particles of surrounding masses of matter, then 
the mass as a whole will move under the force. 
When the mass is disintegrated, the portions sepa- 
rated from it move, or when motion of the whole 
mass takes place, the mass as a whole moves, either 
towards or away from the source or centre about 
which the force causing the motion acts, according 
s the force is one of compulsion, or of repulsion. 
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44 We tims learn that there are two kinds of 
Motion correa ponding to tlie two kinds of force 
which we have seen to be acting. These two kinds 
of Motion are, motion towards a centre or soorce of 
force dne to the action of compnlaive force ; and 
motion away from a centre or source of force due to 
the action of repulsive force. 

45. If no change of position of the mass, whether 

as a whole or in part, takes place under the action 

of animpnlaeof force, wecan understand, if we tnrn 

to Fig. 6, and taking any row of cubes in that figure 

^^consider the tow of cubes to repreaentj on an euor- 

^■pDonsly enlarged acale, a bar made up of a single row 

^Btf pai'ticlea, how the impulse of force is transferred 

^^ferom one aide to another of the mass. Forifthetop 

^Hoarticle of the row selected receives an impulse of 

^Bborapulsive force, it is clear that the first effect of 

the impulse of compulsive force will be to draw 

towards the top or first particle the one next below, 

^^or the second particle, thus displacing repulsive force, 

^^brhich drives the second and third particles further 

^Hif)art. The impulse then passing on draws the third 

^"■particle to the second, thus displacing repulsive 

force, which drives the third and fourth particles 

further apart. 

An impulse of repulsive force, on the other hand, 
first drives the second particle away from the first, 
displacing compulsive force from between them, and 



72 Light the Daminaut Force 

forcing with the displaoed oompuLsm force the 
second particle closer to the third. Next the impnlse 
driyes the third particle away firom the second, thus 
displacing compnlsiye force between the second and 
third particles, and forcing the third and fonrth par- 
tides closer together, and so on. 

We thns see that when increments of compolsive 
force are propagated from any centre or source of 
force, the passage of the impulses outwards is 
marked by an expansive, or extensive action, fol- 
lowed by a compressiye, or contractile action between 
the particles. 

When increments of I'epulsive force, on ibe other 
hand^ are propagated outwards, the passage outwards 
of the force impulses is marked by a compressiye 
followed by an expansive action between the 
particles. 

4.6. We have seen that when two blocks of wood 
of the same description and density, but of different 
sizes, were attached to a bar, and laid on the ground, 
under the same impulse of force, the larger block 
moved less rapidly and to a shorter distance than 
the smaller block did. The reason of this, plainly, is 
because the larger block contains a greater number 
of particles and has a larger surface in contacit with 
the ground and the air ; hence its particles are in 
contact with and transfer force to a larger number of 
particles of the ground* and of the air ; or because 
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being heavier in weight, and therefore having its 
particles in closer contact with the particles of the 
gronnd, the larger block ia able to transfer force 
more readily than the smaller block. The effect of 
lOtion IB, plainly, to bring the particles of the block 
to contact with fresh particles of the gronnd and 
of the air; and the greater the distance through 
which the block moves, the greater, plainly, will be 
the number of particles of the ground with which 
the particles of the block come in contact; hence it 
may happen that when the smaller block travels over 
the larger distance its particles may come in contact 
ijwith the same number of particles of the ground as 
jthe larger pumber of particles of the larger block 
inoving over a shorter distance come in contact 
with. 

If the block of wood, wbon moving under the 

action of force horizontally over the sarface of the 

;round, impinges against any obstacle, it will be 

(topped, if the obstacle is able to receive from the 

iloek the whole of the force under which the block 

moving. The obstacle, having thus received the 

■hole of the force under which the block was moving, 

ill, then itself, move on, if it is unable to transfer 

particles of other substances the whole of the force 

has received ; or if able to transfer the whole of 

le force it has received, the obstacle will remain 

itionless. 
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If an elastic solid body, moving under the action 
of a force, which it is unable to transfer to substances 
in contact with it, impinges against another elastic 
solid body in such a way that the direction of the 
force under which the body is moving is perpendi- 
cular at the point of impact to the surface of the 
solid impinged upon ; then if the particles of the 
body impinged upon at the point of impact are able 
to transfer force to the other particles of the body 
and these in their turn to the particles of other sub- 
stances in contact with the body, at the surface, as 
rapidly as force is received by them from the im- 
pinging body, there will be no motion in the body 
impinged upon ; but instead that body will transfer 
to the impinging body the whole of the opposite 
force displaced from its particles by the force received 
from the impinging body ; and the amount of the 
opposite force displaced being equal to the amount 
received, the impinging body, if it has transferred 
the whole of the force under which it was first 
moving, will move back after impact in the opposite 
direction, with force of the same amount as, but of 
the opposite kind to that under which it was moving 
before impact. 

If under the same circumstances the particles of 
the body impinged upon are able to transfer, to the 
particles of other substances, only a part of the force 
which they receive from the impinging body ; then 
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the body impinged upon will move under the portion 
of the force its particles were unable to transfer, in 
the same direction as the impinging body was moving 
before impact ; whilst the body impinged upon will 
transfer to the impinging body an amount of the 
opposite force to that received from the impinging 
body, equal to that portion of the force received, 
which the particles of the body impinged upon were 
able to transfer to the particles of other substances 
in contact with them. 

If the impinging body fail to transfer to the body 
impinged upon the whole of the force under which 
it was moving before impact, the portion of the force 
which remains untransferred may be reflected and 
may act after impact about a centre situated in the 
opposite direction to that in which the centre was 
situated about which it acted before impact. 

If the surface of the body impinged upon is smooth, 
and if at the same time the direction of the force 
under which the impinging body is moving is not 
perpendicular to the plane of the surface of the solid 
impinged upon at the point of impact, then if the 
body is considered to be moving under the action of 
. two forces, one acting in a direction perpendicular to 
the surface of the solid impinged upon at the point of 
impact, and the other, in a direction parallel to the 
surface of the solid at the point of impact, the im- 
pinging body will transfer to the body impinged 
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upon the whole of the force acting in a direction per- 
pendicular to the surface of the solid impinged upon 
at the point of contact, retaining the force acting in 
a direction parallel to that surface, and receiving, 
from the body impinged upon, such an amount of the 
opposite force to that which it communicated to 
the body impinged upon, as will represent the 
amount of force displaced by that portion of the 
force which the particles of the body impinged 
upon are able to transfer away as rapidly as they 
receive it. The impinging body after impact will 
move off under the action of two forces : one, the force 
which acting in a direction parallel to the surface of 
the body impinged upon, was not transferred to that 
body ; the other, a force acting in a direction perpen- 
dicular to the surface of the body impinged upon at 
the point of impact, displaced from the body im- 
pinged upon by the force transferred from the 
impinging to the impinged upon body, and trans- 
ferred from the impinged upon to the impinging 
body. If the impinging and impinged upon bodies 
are perfectly elastic the impinging body will receive 
from the body impinged upon the same amount of 
force as, but of the opposite kind to, that which it 
transfers to the body impinged upon \ hence after 
impact the impinging body will move away in a 
direction inclined away from the surface of the body 
impinged upon at the point of impact at the same 
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angle as the direction of the moving body was 
inclined before impact towards the surface of the 
body impinged upon at the point of impact. 

If the impinging body fail to transfer by impact 
the whole of the force acting in a direction perpen- 
dicular to the surface of the body impinged upon at 
the point of impact the portion of the force untrans- 
ferred may be reflected and may then act upon the 
body after impact in addition to the two forces men- 
tioned above. 

If the solid impinged upon is not perfectly elastic, 
the force received by it, from the impinging body, 
upon impact^ will to a greater or less extent cause a 
permanent compression, or extension, in a part or 
in the whole of the particles of the body impinged 
upon and a proportionate reduction will be made in 
the quantity of force to be transferred by the par- 
ticles of the body impinged upon. 

47. If when a block of wood attached to a bar is 
moving over the surface of the ground under the 
action of a force the block passes off the ground on 
to some other surface, such as an iron, or a wooden, 
or a smooth ice surface, or on to a rougher surface 
than that of the ground on which it was moving 
before, we shall find that the block, which moved 
slowly over the ground, will under the same force 
applied in the same way move much more rapidly 
and to a much greater distance over the ice than it 
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did oyer the gproand; we shall find also ihai in 
passing over the other QurfiM^es the block will move 
more rapidly or^r some than it does over others. 
We have already seen that when nnder the same 
impulse of force applied in the same way one block 
of wood travels more rapidly and to a greater dis- 
tance over the same surface of the g^ronnd than 
another, it is because the body which moves &8t 
transfers force more slowly than the other body to 
the surface of the ground. When therefore we 
now find that the same body, under the same im- 
pulse of force applied in the same way, travels more 
rapidly, and to a greater distance, over some sur- 
faces than over others, we may conclude that the 
reason is because some surfaces are better fitted 
than others to take force from a body moving over 
them; and that it is over the surfaces which are 
best fitted to take force from a moving body that 
the body moves with the least rapidity and to the 
shortest distance. We shall find that there are 
two descriptions of surfaces over which a body 
moves slowly, namely rough surfaces and adhesive 
surfaces. We can understand that when a body 
moves over rough surfaces, portions of the body 
may get entangled, or interlocked, with projecting 
portions of the rough surface and that then force 
will be transferred by the moving body to the 
rough surface by the impact and consequent grind- 
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ing away of the interlocked portions. In tlie case 
of the adhesive surface however the particles of 
the surface adhere or hold on to the particles of 
the body, until the force acting on the body tears 
the particles of the body away, 

A moving body is said to transfer force to a 
surface over which it moves by Friction. Accord- 
ingly we see that just as there are two kinds of 
Force and two kinds of Motion, so also there are 
two kinds of Friction, namely. Friction by grinding 
or impact and Friction by rending or adhesion. 

48. Hence we learn that Motion is simply a method 
of transferring force ; and Friction and Impact are 
methods by which bodies at rest, or in motion, re- 
ceive force from a moving body. This definition 
of Motion is plainly true whether motion produces 
change of position in a particle or merely con- 
traction or expansion. 

49. We have seen that particles of liquids and of 
gases besides adhering to each other adhere also to 
the surface particles of solids. It is clear also 
that, if the surface of a solid is rough, the particles 
of a liquid, or gas, through which any such solid 
with a rough surface may move, will become en- 
tangled, or interlocked with the surface particles 
of the solid ; and therefore also that a solid body 
moving under compulsive or repulsive force through 
a liquid, or a gas, will transfer force to the particles 



8o Light the Dominant Force 

of the liquid or gas by friction of both kinds : also 
that particles of a liquid or gas in motion may 
transfer force either by impact, or by friction of 
both kinds, to the particles of a solid against which 
they impinge, or over which they pass ; or to the 
particles of any liquid, or gaseous mass over, or 
through, which they pass. 

We shall find that masses of a liquid, or of a gas, 
which impinge upon smooth solid surfaces, when 
moving in a direction, which is not perpendicular 
to the surface of the solid, are deflected in the same 
way that solid bodies, impinging on other solid 
bodies, under the same circumstances, are deflected. 
In this way the action of bends in pipes or channels 
may be explained. 

A mass of liquid or of gas confined in a stout 
cylinder fitted with closely fitting pistons at either 
end will transfer force from one piston to the other 
in the same way that a solid bar transfers force. 

50. We have hitherto dealt, except in the case of a 
body moving after impact with another body under 
the action of two forces, with motion under the action 
of a single force ; but it is clear that bodies very 
often move under the action of the forces both of 
compulsion and repulsion acting at the same time, 
about different centres. Thus, for example, a pro- 
jectile fired from a gun, whilst moving in a hori- 
zontal direction, under the action of the expansive, 
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or repulsive force, communicated by the explosion 
of gunpowder in the gun, is acted upon by gravity 
and moves under it in a vertical direction. Accord- 
ingly the projectile follows a curved path under 
the two movements. Again, when a ball attached 
to the end of a string is whirled round the head by 
a rotatory movement communicated to the hand ; 
the ball impelled outwards by repulsive force, and, 
at the same time, prevented from moving in a 
straight line by compulsive force, acting about a 
different centre to that about which the repulsive 
force acts, describes under the action of the two 
forces a circular, or an elliptical path, according as 
the hand itself in rotating describes a circular or an 
elliptical path. It is noticeable that both repulsive 
and compulsive force reach the ball by the string. 

If forces of attraction and repulsion acting about 
the same centre are communicated to the body at 
the same time the body will move under which- 
ever of the two forces is the greater, following a 
straight path. Thus a projectile fired from a gun 
vertically up into the air rises until it has trans- 
ferred the whole of the repulsive force communi- 
cated to it by the explosion of gunpowder in the gun, 
and then descends under the action of gravity . 

50a. A mass of any form in motion will rotate 

Cone side transfers force better than, and thus 
gs behind, the other side. 

G 
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CHAPTER III. 

CHEMISTRY AND CHEMICAL PHYSICS. 

51. Having thus learnt generally that matter in all its 
foi*ms is made up of different aggregations of certain 
extremely minute bodies or particles of some sixty or 
seventy different kinds differing from each other in 
that in each kind the particles have in the central 
atom existing in every particle a diflTerent capacity for 
receiving and a different method of distributing the 
forces of compulsion and repulsion from that which 
prevails in the central atoms of all the other kin^s ; 
but resembling each other in that, in all, the particles 
consist each of a central stable atom enveloped in 
an unstable sheath of compulsive and repulsive force, 
by which the particle at once holds on to and holds 
off all particles of every kind contiguous to it, draw- 
ing them nearer when impulses or increments of 
compulsive force reach it, and thrusting them further 
off when increments of repulsive force are received ; 
resembling each other too in that, in all of them any 
particle is able according to its capacity to transfer 
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to, or to receive from any other particle contiguous 
to it increments either of compulsive, or of repulsive 
force, or in the event of any particle being unable 
to transfer increments either of the one force, or of 
the other to the particles contiguous to it, on one 
side, as rapidly as it receives itself like increments 
from particles contiguous to it on the other side, 
the particle, thus receiving greater increments of 
force than it is able to transfer, is able to move off 
to some other neighbourhood where either the incre- 
ments of force which it receives are smaller, or the 
amount of force, it is able to transfer to contiguous 
particles, is larger ; resembling each other, also, in 
that, in each kind for all the particles three states 
exist, namely, the solid, the liquid, and the gaseous, 
in the first of which compulsive force preponderates 
in the force sheath of the particle, and in the last 
repulsive force preponderates, whilst in the inter- 
mediate state the forces more nearly balance each 
other ; and lastly resembling each other in that, in 
each of them, every particle is precisely similar in 
every respect to every other particle having the 
same amount of compulsive and repulsive force 
present in its sheath, so that the same grouping or 
arrangement as is adopted by any number of parti- 
cles at any time will be adopted under the same 
circumstances by a similar number of the same kind 
of particles at any other time : we may now pro- 

G 2 
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ceed to consider How far these conclusions harmonize 
with the teaching of Chemical Science. 

52. We find then from chemistry that all matter 
organic, or inorganic, whether it exists in the solid, 
liquid, or gaseous state, can be resolved into tetween 
sixty and seventy distinct elementary substances: 
and that each of these elementary substances con- 
sists of an aggregation of exceedingly minute parti- 
cles, all precisely similar to each other at the same 
pressure and temperature ; but different from the 
particles of any other of the elementary sub- 
stances. 

We thus learn that there are as many diflFerent 
kinds of particles as there are different kinds of 
elementary substances : and that the different kinds 
of particles are named each after the elementary 
substance, which the particles of that particular kind 
form, when being dissociated from particles of every 
other kind, thev are collected into masses. These 
elementary substances, sixty-four in number as far 
as is at present known, are divided into two classes, 
viz., metals and non-metals. 

The chief of the non-metallic elementary sub- 
stances are oxygen, hydrogen, nitrogen, chlorine, 
bromine, iodine, fluorine, carbon, sulphur, phos- 
phorus, arsenic, boron, silicon. 

The chief metallic substances are sodium, magne- 
sium, calcium, potassium, iron, copper, lead, tin, 
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ainc, gold, silver, platinum, mercury, nickel, anti- 
lony, bismuth, manganese, aluminum. 
Of these oxygen, hydrogen, nitrogen, and chlorine 
■e at the ordinary temperature and pressure of tlie 
ftir gasea ; though, as Northmore first and suhse- 
Faraday, Cailletet, and Pictet (see Eoacoe'a 
Chemistry," vol. i.jp. 75, and vol. ii., part ii., p. 521 ) 
showed, they can all, by the application of pressure, 
which aa we have seen is compulsive force acting 
directly, or after displacement, accompanied by the 
removal of heat, which, as we have seen, ia repulsive 
force, be reduced to the hquid and solid state. 
The remaining substances metallic and non 
letftllio, excopt bromine and mercury, which are 
liquids, and fluorine, which cannot be dissociated, 
are all solid at the ordinary pressure and temperature 
of the atmosphere, though all, both liquids and solids, 
by theappiicationof heat, or repulsive force, and the 
removal qf pressure, or compulsive force, can be con- 
verted into the gaseous condition. So that there is 
room for doubt that the elementary substances 
'are all varieties of one type, and that further than 
this, there is no other difference between them, or 
between the particles of which each of them respec- 
tively is made up. 

53, Now it is found that if masses of any two of the 
ilementary gases, such as hydrogen and oxygen, or 
and chlorine, are brought together, they 
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do not remain separate^ as we migkt suppose thi 
would, since oxygen is more than fifteen tim 
and chlorine is more than thirtjr-five times heayi 
• than hydrogen ; but the particles rapidly intermi 
and soon a mixture is formed, in which the partid 
of the two gases are uniformly distributed; tl 
particles of the denser gas with a larger amount^ 
compulsive force in their sheaths, take hold of tl 
particles of the lighter gas, and thus the partid 
of the two gases arrange themselves, in a series 
similar groups, throughout the mixture. 

54^ But though the particles of two gases invai 

ably intermix and arrange themselves in groups, th< 

show, if they areelementary gaSes,no natural tendeni 

to enter into thi^;'4^s^ ^nioit^..4mplied in cbemic 

combination, and the resulting gaseous mass remai 

a simple mixture, such as is the atmosphere of o 

earth, which is a simple mixture of nitrogen ai 

oxygen gases. And there is a plain reason for thi 

for gases, as we have seen, have a very large propc 

tion of repulsive and a very small proportion 

compulsive force, in their force sheaths : aild th 

unless^ in some way or other, the particles receive 

suppljr of compulsive force to displace a portion 

the rajulsive force in their sheaths and bring th 

centra. 1 atoms closer together, they are unable 

draT7 ^r:3lose enough together to enter into chemi< 

comby-^^iation. Accordingly, in order to induce 1 
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particles in a mixture of hydrogen and oxygen or 
of hydrogen and chlorine gases to enter into chemical 
combination, we must expose the mixture to the 
action of strong light, which, whether in the form 
of sunlight, or of rays from an incandescent solid, 
or of a flame, or of an electric spark, represents, as 
we shall see, an emission of displaced compulsive 
force ; or we must subject the mixture to the action 
of a suddenly applied pressure, as in an explosion, 
in which compulsive force is violently displaced 
outwards ; or we must bring the mixture in contact 
with some solid substance in a porous condition, 
such as spongy platinum, which by the action of 
the compulsive force in the sheaths of the surface 
particles in its pores, is able, in the manner explained 
in paragraphs 24 and 28 to condense the gases in 
its pores to a sufficient extent to effect combination. 
But since, in order to effect the chemical combination 
of gases, it is necessary to apply compulsive and 
displace repulsive force from the force sheaths of 
the particles we shall naturally expect when gases 
combine to find a great emission of heat or repulsive 
force take place. Thus we are not surprised to learn 
that it has been ascertained experimentally (vide 
Eoscoe^s ^^ Chemistry ,^^ vol. i., p. 190) that, when 
one grain of hydrogen is burnt with oxygen, 34,000 
heat units are evolved ; whilst when a grain of iron 
is burnt in oxygen only 1576 heat units; or when a 
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grain of copper is burnt only 602 heat units are 
evolved. Or again to find that, when one grain of 
hydrogen is burnt in chlorine, to form hydrochloric 
acid, HCl, 23,000 heat units are evolved; whilst, 
when one grain of iron is burnt in chlorine, to form 
iron sesquichloride, PejClg, only 1745 heat units; 
and when one grain of copper is burnt to form copper 
chloride, CuCla, only 961 heat units are evolved. 

Indeed, so great is the amount of heat, or repulsive 
force, displaced when the particles of two elementary 
gases combine, that we find, in some cases, the result- 
ing compound is a liquid ; thus the gases hydrogen 
and oxygen combine together and form water and 
the gases nitrogen and oxygen combine together to 
form nitrogen peroxide, which is a liquid at the 
ordinary atmospheric pressure and temperature. 

55. Since the particles of solids contain a large 
proportion of compulsive force and a small proportion 
of repulsive force, and thus hold tightly together, 
we can understand how, while in order to induce 
the particles of two elementary gases to unite in 
chemical combination, it is necessary to supply them 
with compulsive force, so as to bring the particles 
closer together ; on the other hand, to induce the 
particles of two elementary solids to unite in chemi- 
cal combination, it is generally necessary to displace 
compulsive force from the particles and thus loosen 
their hold upon each other either by applying 
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WpTxlsiye force, by leating the solidSj or by dissolving 
them in some liquid. 

Indeed, so great is the nmonnt of compuisive force 
lost when elementary solidscombine together, that the 
resulting componnd is sometimes a liquid; thua, when 
the elementary solids carbon and sulphur combine to- 
gether, carbon disulpbide, OSj, is formed, which is a 
colourless liquid at the ordinary pressure and tem- 
perature of the atmosphere ; again the elementary 
sohds sulphur and phosphorus may combine together 
and form sulphur tetraphosphide, also a coloarlesa 
liquid at the ordinary pressure and temperature of 
atmosphere. 

The fopmation of liquidB by the combiaation of 
two solids contrasts in a remarkable way with the 
manner in which liquids are formed, as already 
pointed out, by the combination of two gases. 

56. Liquid particles, beiug mobile, have the same 
^tendency to intermix with the particles of other 
liquids, and form groups, that gaseous particles 
manifest ; indeed so strong is the tendency towards 
group forming in liquids that in many cases a liquid 
is able when it comes in contact with solid maseea 
to dissolve the masses of solid and to distribute the 
solid particles, plainly, in the group form uniformly 
throughout the liquid mass. However the grouping 
tendency, in the case of the Kquid particles, is mani- 

ited to a more limited extent than it is in the 
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case of gaseous particles; since^ in the case of 
liquids, it is generally manifested only between 
liquids and liquids or liquids and solids of the same 
type ; thus water, which is a compound of hydrogen 
and oxygen particles, does not intermix with oil, 
which is a compound of carbon and hydrogen par- 
ticles. The lowering of temperature, which takes 
place when a solid is dissolved in a liquid without 
chemical combination being set up, shows that the 
liquid transfers heat to the solid to loosen the hold 
of the particles of the solid upon each other. This 
is further shown by the fact that an increase of 
temperature usually enables the liquid more readily 
to dissolve the solid. 

57. We have seen that elementary solids do not 
combine readily with other elementary solids, owing 
to the tight hold the particles have upon each other, 
from the large amount of compulsive force present 
in the sheaths of their particles ; also that elementary 
gases do not combine readily with other elementary 
gases, owing to the large amount of repulsive force 
present in their envelopes. But since solids and 
gases viewed separately each possess in their par- 
ticles, so to speak, an excess of the force required 
by the other to induce chemical combination, we 
shall be prepared to learn that particles of elemen- 
tary solids combine more readily with particles of 
elementary gases than solids do with solids or gases 
with gases; and this indeed we find to be the 
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case, for many elementary solids, when exposed 
to the air commence at once to combine with 
the oxygen of the air. When a solid thus com- 
biues with a gas, we may assume naturally that 
the particles of the solid will lose compulsive force 
and the particles of the gas will lose repulsive 
force and that the resulting compound will be either 
a soft solid, a liquid, or a dense gas. Accordingly 
we find that when the elementary gas oxygen 
combines with any of the metals the compound is a 
soft solid, such as the common substance iron rust, 
which is a ferric o^ide, PejOg, formed by the com- 
bination of oxygen particles with particles of the 
metallic elementary substance iron : also when the 
elementary gas chlorine combines with elementary 
solids, in many cases the resulting compound is a 
liquid, such for example as the substances sulphur 
monochloride, dichloride, and tetrachloride, which 
are all liquids, and which are combinations of chlorine, 
in different proportions, with the elementary solid 
sulphur : further, when the elementary gas hydrogen 
combines with any of the elementary solids, the 
resulting compound is generally a gas such as 
methane, or marsh gas, CH4, a compound of hydro- 
gen with carbon, or sulphuretted hydrogen, HaS, 
a compound of hydrogen with sulphur. 

Since, whenever elementary solids combine with 
gases, compulsive force is, as we have seen, lost 
by the particles of the 'one and repulsive force is 



lost by tlie particles of the other, we may expect to' 
find, iflight 19 really compulsive and heat is repulsive 
force, that while soMa are thus combining with g 
an evolution of light and heat will take place. And. 
wo find, indeed, that when elementary solids and, 
ganes energetically combine together, an evolution 
of light and heat in a very marked degree takes 
place ; aa, for example, when the elementary soHda 
carbon, phosphorous, sulphur, or iron are burnt in' 
oxygen, a brilliant light and a large amount of heat 
mark the progress of the combustion. The fact 
iron and other substances may be slowly oxidized, 
without any sensible evolution of light or heat!: 
occurring, in no way invalidates the accuracy of onr 
conclusions ; for we can understand that the samft 
amount of light or heat, which, if evolved rapidly, 
will make a great impression upon our senses, 
may be absolutely inappreciable if it ia evolved 
so slowly that its disengagement covers , a long 
period. 

58. We may now for a while study critically, in 
the way first pointed out by Dalton, some of the 
various .combinations, which particles of different 
kinds form with one another. 

We find then that when particles of nitrogen 
combine with particles of oxygen one or other of the 
following comhiQations will be formed: — 

Ist. Nitric oxide, I^^O, may be formed, in whioH 
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about 14 parts by weight of Litrogen are combined 
■witb J 6 parts by weight of oxygen. 

2nd. If additional oxygen is added to the nitric 
oxide; the 14 parts by weight of nitrogen will then 
-take 32 or 16 + 16 parts by weight of oxygen, and 
(be Bubafcance nitrogen peroxide will be formed. 

Srd. Nitrous oxide may be formed, in which 28 or 
14 + 14 parts of nitrogen are combined with 16 
parts by weight of oxygen. 

4th. Nitrogen trioxide may be formed, in which 
28 or 14 + 14 parts of nitrogen are combined with 
48, or 16 + 16 + 16 parts by weight of oxygen. 

5tb. Nitrogen pentoxicle may be formed, in which 
"88, or 14 + 14 parts of nitrogen are combined with 
'so or 16 + 16 + 16 + Ifi + 16 parts of oxygen. 

We thus see that 14 parts by weight of nitrogen 
Way combine either with 16, or 16 + 16 parts by 
weightof oxygen, and that 14 + 14 parts of nitrogen 
may combine with 16 or 16 + 16 + 16, or with 
16 + 16 + 16 + 16 + 16 parts of oxygen; also 
that the proportion by weight of nitrogen is either 
14 or twii;e 14, whilst the proportion by weight of 
oxygen is either 16 or twice or three times or five 
times 16, i.e. always 16 or a multiple of 16. 

Again, when sulphur combines with oxygen, we 
find that one of the three following compounds is 
formed : — 

1st. Sulphur dioxide, SO,, in which 32 parts by 
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weight of ETiIpliur combint 
parts by weight of oxygen. 

2nd, Sulphur trioxidg, SO,, in which 3 
weight of sulphur combine with 4S, or 16 - 
parts by weight of oxygen. 

3rd. Sulphur Besr[uioxide, 5,0,, in which, d 
32 4 32 parts by weight of sulphur combine tdl 
or 16 + 16 + 16 parts by weight of oxygen. ■ 
Here again we notice that the proportiS 
weight in which oxygen combines with sulpm 
always a multiple of the number 16. 

So also when hydrogen combines with ox; 
two compounds may be formed, viz. : — 

let. Water, H.O, in wliich 2, or 1 + 1 part; 
weight of hydrogen combine with 
weight of osygen. 

2nd. Hydrogen peroxide, H^O,, in whio 
1+1 parts by weight of hydrogen combine w 
or 16+ 16 parts by weight of oxygen. 

Hero once more we find oxygen combininj 
weight in a proportion, which is representet 
16, or a multiple of 16. 

So too when hydrogen combines with nitrt 
-it forma one compound, ammonia NH,, in i 
' M parts hj weight of nitrogen combine withl 
1 + 1 -J- 1 parts by weight o-f hydrogen. 

Here we notice that hydrogen and nitrogen 
bine togefclJer in a proportion by weight repress 
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in the case of the one, by a multiple of 1, and in 
the case of the other, by the number 14 ; whilst, as 
we have already seen, the proportion by weight in 
which hydrogen combines with oxygen is also a 
multiple of l,^and the proportion by weight in which 
nitrogen combines with oxygen is represented by 1 4> 
or a multiple of 14. 

So likewise, when hydrogen combines with sulphur, 
tvfro compounds are formed, viz. : 

1st. Sulphuretted hydrogen, H3S, in which 2, or 
1 + 1 parts by weight of hydrogeil combine with 
32 parts by weight of sulphur. 

2nd. Hydrogen persulphide, HgSs^ in which 2, or 
1 + 1 parts by weight of hydrogen combine with 
64 or 32 + 32 parts by weight of sulphur. Here 
likewise we find sulphur combining with hydrogen 
in the same proportion by weight, viz. 32, or a 
multiple of 32, in which it combines with oxygen ; 
and hydrogen also combining in the same propor- 
tion by weight, viz. a multiple of 1, as it combines 
with oxygen. If, in the same way, we follow 
oxygen through the many thousands of compounds, 
which it forms, we shall find that the proportion 
by weight in which it combines is always 16, or a 
multiple of 16 ; similarly we shall find that in all 
the compounds, which hydrogen forms, the pro^ 
portion by weight in which it is combined is always 
1, or a multiple of 1 ; similarly the proportion by 
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weight in which nitrogen combines is always l-^j 
or a multiple of 1 4, and the proportion by weigti_fc 
in which snlphur combines is always 32 or a multi- 
ple of 32. Likewise each of the other elementary 
aubstancea has a combining weight pecviliar to 
itself, inrariably adhered to whether in the smallest 
fragment, or in the largest mass. 

And not only so, but when one of these ele- 
mentary snbstancea displaces another, in a com- 
pound already formed, the proportion of the 
displacing substance, taking the room of the sub- 
stance displaced, is always the same as the pro- 
portion in which the displacing and the displaced 
Bubstancea combine together : thus when oxygen 
replaces hydrogen in a quantity of marsh gaa, CHu 
in which 12 parts by weight of carbon are combined 
with 4 or! +l-t-l + l parts by weight of 
hydrogen, it ia found that 32 or 16 + 16 parts hy 
weight of oxygen (which ia the preciae weight of 
oxygen required to combine with the 4 or 2 -|- 3 
parts of displaced hydrogen in order to form water, 
H,0) will take the place of the 4 parts of hydrogen 
and the gas will be converted into carbonic acid 
gas CO,. 

In this and other ways it can be shown with 
certainty that the elementary gases oxygen and 
hydrogen consist each of an aggregation of parti- 
cles, and that an oxygen particle weighs 16 times 
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as much as a hydrogen particle; similarly that 
nitrogen and sulphur, as well as all the other 
elementary substances, consist each of an aggrega- 
tion of particles, and that a nitrogen particle weighs 
14 times as much, and a sulphur particle 32 times 
as much as a hydrogen particle, and so on, the 
particles of each elementary substance having a 
weight peculiar to itself. 

It can also be shown in this way that every 
hydrogen particle weighs the same as every other 
hydrogen particle, and every oxygen particle the 
same as every other oxygen particle, and every 
sulphur particle the same as every other sulphur 
particle, and so on. An oxygen particle indeed is 
not exactly 16 times as heavy nor is a sulphur 
particle exactly 32 times as heavy as, nor a nitrogen 
particle exactly 14 times as heavy as a hydrogen 
particle ; but these numbers are close enough to 
the real numbers for all practical purposes. 

59. The weight of a particle is the quantity of 
compulsive force a particle receives from the earth 
as gravity, in excess of the quantity it is able to 
transfer to contiguous particles ; thus the weight of 
a particle affords an index of the size of the central 
atom of the particle ; the heavier particle being the 
one with the larger central atom, as we shall see 
further on. 

We have seen that the particles of two gases, 

H 
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which come into cootact, intermix and airangG 
thcmaelves in a series of groups ; also that tha 
particles of two liquids, which come into contact; 
as well as those of a solid intermixed with the par- 
ticles of a liquid, by the process of solution, fre-5 
({Tiently arrange themnolvea in gronpa ; it will now 
be apparent that, in compounds, the particles are; 
arranged in groups, each group having the samS 
number of particles, and the same proportion, 06 
the several kinds of particles of which the compoanS' 
is made up as every other group in the compound 
has. And when then we meet with snch a com* 
pound, for example, as nitrogen peroxide, in which 
14 parts by weight of nitrogen are combineel 
>Dghout every part of the mass with 16 + Ift 
s by weight of oxygen, knowing that the 00m- 
bg weight of a particle of nitrogen is ll and 
tof a particle of oxygen is IG, we shall under- 
md that nitrogen peroxide is a Gubstauce mada 
E an aggregation of groups of particles each. 
5 one nitrogen and two oxygen particles. 
larly sulphur dioxide, in which, throughout, 32- 
! by weight of sulphur are combined with 18 
5 parts (if oxygen, will, since the combining 
^ht of Bolphur is 32, be seen to be a substance, 
a np of groiijis of particles each containing ons 
r united to two oxygen particles. Similarly 
*f, in which 1 + 1 parts hy weight of hydrogen 
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■are combined with 16 parts by weight of oxygeu, 
will, since the combining weight o£ hydrogen is 
1, be seen to be ma<le up of groups of particles tn 
whicli two hydrogen are united to one oxygen 

t particle. So also ammonia, in which, as we have 
eeen, 14 parts by weight of nitrogen are combined 
with 1 + 1 + 1 parts of hydrogenj will be seen 
iiO consiat of groups of particles in each of which 
ft nitrogen particle is united to three hydrogen 
particles. Also hydrochloric acid, HCi, in which 
1 part by weight of hydrogen ia combined with 
3o"5 parts by weight of chlorine will, since 35"5 
repreaentfl the combining weight of chlorine, be 
seen to consist of groups of particles in which one 

» hydrogen is united to one chlorine particle. 
60. But now, as Gay Lussac first showed, gases 
besides combining by weight combine also by 
Tolumc ; and although, as we have seen, 1 part by 
weight of hydrogen combines with 35'5 parts by 
weight of chlorine to form hydrochloric acid, it is 
necessary also, in order to form hydrochloric acid, 
that equal volumes of hydrogen and of chlorine 
_- should be taken. When two volumes of hydrogen 
^■tnd chlorine thus combine two volumes of hydro- 
Hji^oric acid arc obtained ; showing that the gases 
occupy the same volume after as they did before 
combination took place. Now since in the formar- 
tion of hydrochloric acid every particle of chlorine 
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takes to itself a particle of hydrogen, it follows that 
there must be before combination takes place as 
many hydrogen particles as there are chlorine par- 
ticles. Bat before combination takes place the 
volume of hydrogen must be, as we have seen, 
equal to the volume of chlorine ; it therefore follows 
that a chlorine and a hydrogen particle must have 
the same volume. But since a chlorine particle is 
35 times as heavy as a hydrogen particle and must 
therefore have a proportionately greater amount of 
compulsive for^^ pP^il^^t in its force sheath and 
must have Gie centwJ^atOTis of its particles pro- 
portionate^y closer tog^hey, it appears almost 
certain thf^ tft^^^^Butr^Hatoms of chlorine particles 
are larger tli&»4]ii2^Bjo£Ji^rogen particles. 

On the other hand, in the formation of water, in 
which the groups consist, as we have seen, of two 
particles of hydrogen united with one particle of 
oxygen, it is necessary to take three equal volumes 
of gas, namely, two of hydrogen and one of oxygen : 
but now, two volumes only and not three volumes 
of steam or gaseous water will be obtained ; or two- 
thirds of the volume of gas consumed ; or the same 
quantity as if one volume of oxygen had been simply 
mixed with one volume of hydrogen. From this, 
since, in forming water, every oxygen particle, as 
we have seen, takes to itself two hydrogen particles, 
and in order that combination may take place twice as 
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many hydrogen particles must therefore he provided, 
as there are oxygen particles, it is apparent that 
tefore combination takes place a hydrogen particle 
has the same volume aa an oxygen particle ; but 
after combination has taken place the two hydrogen, 
particles then occupy only the same volume, aa a 
single hydrogen particle occupies when nncombined, 
the single oxygen particle occupies in each of 
,tilie groups of which water is made up. Since an 
nncombined particle of hydrogen has the same 
iToIume aa a particle of oxygen, and yet the oxygen 
particle is, aa we have seen, sixteen times as heavy aa 
the hydrogen particle, it aeems clear that the central 
atom of an oxygen mnat be proportionately larger 
than the central atom of a hydrogen particle. 

Again, in the formation of ammonia, NH,, in 

"which the groups of particles consist of one particle 

of nitrogen united with three particles of hydrogen, 

it is necessary to take four equal volumes of gas, 

of which one volume must be nitrogen and three 

iiyolnmes hydrogen : but only two and not four 

plumes of ammonia will bs obtained j or, one- 

.If of the volume of gas consumed ; or the same 

ilame, as would have been obtained, if one volume 

nitrogen and one of hydrogen had been simply 

mixed together. From this it is apparent that a 

particle of hydrogen before combination takes place 

occupies the same volume &% a particle of nitrogen ; 
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but after combination has taken place three hydro- 
gen particles then occupy only the same volume 
as a single hydrogen particle, when uncombined 
occupies, or as the single nitrogen particle occupies 
in each of the groups of which ammonia is made np. 
61. We have seen that, when two particles of 
hydrogen combine with a particle of oxygen to 
form one of the groups of particles of which water 
is made up, the two particles of hydrogen are con- 
densed to the same volume as a single particle of 
hydrogen occupies when uncombined ; also that 
when three particles of hydrogen are combined with 
a single particle of nitrogen to form one of the 
groups of particles of which ammonia is made up 
the three particles of hydrogen are condensed to 
the same volume as a single particle of hydrogen 
occupies when uncombined ; we shall perhaps see 
further that the increased amount of condensation, 
thus noticeable with the groups containing the 
larger number of particles, explains the reason why, 
when, from the combination of an elementary solid 
with an elementary gaSj a substance is formed 
which at the ordinary pressure and temperature of 
the atmosphere, is in the liquid or in the gaseous 
state and which has, in the groups of particles of 
which it is made up, only a small number of particles 
of the gas combined with particles of the solid, the 
addition of a further quantity of the gas whereby 
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the proportion of gaseous particles in each group 
of particles is increased, it is that the compound 
sometimes assumes at the ordinary pressure and 
temperature of the atmosphere the solid form, in 
place of approximating more and more nearly to 
the nature of its gaseous constituent, as we might 
imagine from the larger proportion of the gas in 
its composition, it would do. Thus for example 
when chlorine is added to selenium monochlo- 
ride, SojOlj, a brown liquid having, in each of its 
groups of particles, two particles of the elemeutary 
solid selenium combined with two particles of the 
elementary gas chlorine, the effect is to convert the 
monochloride into the tetrachloride, which is a white 
solid body made up of groups of particles, each 
having one particle of selenium combined with four 
particles of chlorine (Roscoe's " Chemistry,'^ vol. i., p. 
359). Again if oxygen, in presence of a piece of 
heated spongy platinum, is added to sulphur dioxide, 
which is a colourless gas made up of groups of 
particles, each having one atom of sulphur combined 
with two atoms of oxygen, the gaseous sulphur 
dioxide is converted into the solid sulphur trioxide 
made up of groups . of particles each having one 
particle of sulphur combined with three particles of 
oxygen. 

62. It may be here remarked that the gas sulphur 
dioxide is specially interesting because, as Tyndall 
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has shown, when a beam of sunlight is passed 
through a long tube filled with this colourless gas 
a white cloud composed of sulphur particles and 
particles of the solid sulphur trioxide, makes its 
appearance (Eoscoe's ^' Chemistry/' vol i., pp. 306 — 
311). The formation of the cloud seems to indicate 
plainly that light is a compulsive force since the 
beam of sunlight is able so far to condense the 
oxygen particles in a portion of the gaseous sulphur 
dioxide as to make them no longer able to hold the 
same number of particles of sulphur as before ; and 
is thus able, as it were, to squeeze out a portion of 
the sulphur, and to convert a portion of the gaseous 
sulphur dioxide into the two solids, sulphur and 
sulpliur trioxide, of which the cloud is formed. 

63. However, the effect of increasing the propor- 
tion of gaseous particles in groups of particles, in 
which particles of an elementary solid are combined 
with particles of an elementary gas, is, when, with a 
small proportion of gaseous particles in its groups, 
the substance is a solid, the opposite to that which, 
as wo have seen, is produced, when, with a small 
proportion of particles of a gas in its groups, the 
substance is a gas or a liquid, since the solid is 
frequently converted into a liquid or into a gas, 
instead of the liquid or the gas being converted into 
a solid, and this is more frequently noticeable with 
hydrogen compounds, or in compounds of oxygen, 
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chlorine with a metal, than in compounds of 
oxygen with a non-metal. Thus hydrogen tetra- 
phosphide, P,Hi, in which the groups are composed 
of four particles of phosphorus combined with two 
■of hydrogen, is a solid : hydrogen diphoaphide 
y^H,, in which the gronpa are composed of two 
■particlea of phosphorus combined with four par- 
ticles of hydrogen, is a liquid ; whilst hydrogen 
phosphide, PH^j in which the groups are com- 
posed of one particle of phosphorus combined with 
three of hydrogen, is a gas (Eoscoe'a " Chemistry," 
vol. i., p. 474.). 

Again, vanadinm dichlorido, in which the groups 
composed of one particle of the metal vanadium 
combined with two of chlorine, and vanadium tri- 
chloride, in which the groups are composed of two 
particlea of vanadium combined with six of chlorine, 
are both solids ; whilst vanadium tetrachloride, in 
which the groups are composed of one particle of 
vanadium combined with four particles of chlorine, 
is a liquid (Roacoe's "Chemistry," vol. ii., part 2, 
p. 294). 

Again, manganese dieside, MnOj, in which the 
■onpa are composed of one particle of the metal 
ganeae combined with two particlea of oxygen, 
solid; whdst manganese heptoxide, MujO;, in 
which the groups consist of two particles of man- 
ganese combined with seven particles of oxygen, 
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is a liquid (Roscoo's *' Chemistry/' vol. ii., part 
2, p. 5). 

64. We have seen that in hydrochloric acid the 
groups are composed of one particle of hydrogen 
combined with one particle of chlorine ; we find also 
that besides those of chlorine the particles of some 
other elementary substances such as bromine and 
iodine are able to take to themselves only a single 
particle when combining with hydrogen ; thus we 
have hydrobromic acid, in which the groups consist 
of a single particle of bromine united to a single 
particle of hydrogen ; and hydriodic acid, in which 
the groups are made up of a single particle of 
iodine united to a single particle of hydrogen. We 
find also that there are other elementary substances, 
such as oxygen and sulphur, whose particles cannot 
unite singly with less than two particles of hydro- 
gen ', thus oxygen combining with hydrogen forms 
water, HoO, in which the groups consist of a single 
particle of oxygen united to two particles of hydro- 
gen ; and sulphur combining with hydrogen forms 
sulphuretted hydrogen, HsS, in which the groups are 
made up of a single particle of sulphur united to 
two particles of hydrogen. No compound is known 
in which the groups are made up of single particles 
of oxygen united to single particles of hydrogen ; 
nor is any known in which the groups are made up 
of single particles of sulphur united to single par- 
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tides of hydrogetij though the compound hydrogen 
peroxidf, H^O,, is known, ia which the groupa 
consist of two particles of oxygen united to two 
particles of hydrogen j and the compoand hydrogen 
persnlphide is knownj in which the groupa consist 
of two particles of sulphur nnited to two particles 
of hydrogen. Hence we see that there mast be 
some difference between the force sheaths of par- 
ticles of the chloriuB and bromine type and those of 
particles of the oxygen and sulphur type to account 
for the fact, that while single particles of elementary 
substances of the one type are satisfied with single 
jparticloa of hydrogen, single particles of elementary 

ibstauces of tbo other type must gel two particles 
of hydrogen. 

Again, there are other elementary substances, 
such as nitrogen and phosphorus, whose particles 
cannot unite singly with less than three particles of 
^'kydrogen; thus we have the compound ammonia, 

H„ in which the groups consist each of a single 
ricle of nitrogen united to three particles of 

drogen. Again, we have the compound phos- 
phuretted hydrogen, in which the groups consist of 
a single particle of phosphorus united to three 
particles of hydrogen. 

Again, there are other elementary substances, 
■JSnch as carbon, whose particles cannot unite 

igly with less than four particles of hydrogen ; 
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thns we have the compoand marsh gas in wUch: 
the gruups ccmaiat, each, of a single particle of carbon 
united to four particles of hydrogen, and no com- 
pound is known in which the groups consist of 
a single particle of carbon united to a smaller 
number than four particles of hydrogen ; though 
we have ethine, in which the groups consist, each, of 
two particles of carbon united to two particles of 
hydrogen ; and ethylene in which the groups consist, 
each, of two particles of carbon united to four 
particles of hydrogen ; and ethane, in which the 
groups consist, each, of two particles of carbon 
united to six particles of hydrogen. 

We thns obtain four classes, in which elementary 
substances are grouped according to the smaliest 
number ol' hydrogen particles with which their 
particles can singly unite. 

But if in place of taking compounds with 

liydrogen we take compounds with chlorine, an- 

Olilior Bubatance of the same class as hydrogen, we 

tlijit many substances form with chlorine 

I compounds, in which their particles unite 

IfiLt, in each case, a different number of 

: chlorine; thus tungsten combines 

rine to form, firstly, tungsten dichloride, 

1 which the groups consist, each, of a single 

of tungsten united to two of chlorine; 

I to form tungsten tetrachloride, WCl,, in 
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■which the groups consist, each, of a single particle 
of tungsten united to four particles of chlorine ; 
thirdly, to form tungsten pentachloride, WC1„ in 
which the groups consist, each, of a single particle 

fcof tungsten combined with five particles of chlorine ; 

I'lmd lastly, to form tungsten hexachloride, WClj, in 
which the groups consist each of a single particle 
of tungsten united to six particles of chlorine 
(Roscoe's " Chemistry," vol. ii., part 2, pp. 202-204). 

(Again, iodine combines with chlorine to form, 
■firstly, iodine mono chloride, I CI, in which the 
^onpa consist, each, of a single particle of iodine 
mnited to a single particle of cldorine ; and secondly, 
ito form iodine trichloride, in which the groupa 
consist, each, of a single particle of iodine united to 
three particles of chlorine. Hence besides classify- 
ing elementary substances according to the smallest 
^namber of particles of some other elementary eub- 
■ttttmoes, with which their particles respectively can 
[ugly unite; we may also classify them according 
I the greatest number of particles of some sub- 
banca such as chlorine, with which their particles 
bgly can unite. 

[ We bave seen that in tungsten hexachloride, the 
foups are composed of a single particle of tungsten 
nited to six particles of chlorine (we shall find no 
■flompound tn which the groups consist of a single 
irticle of any substance united to more than sis 
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particles of any other substance. And this ] 
is an important point to notice, since it ma^li 
Hs in ascertaining the number of bonds or points of 
attachment in the force sheaths of particles). Wb 
shall find other elementary substances forming com- 
pounds, such as phosphorus pentachloridej PCij, Ot 
antimony pcntacliloride, SbClj, in which the groups 
consist of single particles of phosphorus, or of 
antimony, united with five particles of chlorine. 

We shall find other elementary substances, sndi 
as manganeao, vanadium, titanium, &c., whose par- 
ticles, singly, are not able to unite with more thaa 
four chlorine particles. 
I Proceeding in this way we may obtain six classes, 

I in one or other of which all elementary substaucea 
L can be classed; the substances being named in 
accordance with the atomic theory monads, dyads, 
iJjfiris, tetrads, pentads, or hesads, according as 
tjjjf come respectively in the first, second, third, 
" mil, fifth, or sixth of these classes; monads 
■iii;r fliri-,,' I'Icmentary substances, auch as hydro- 
I ■■ :!>ii-ine, whose particles unite singly with 
[ikilIcs of other monads, and hexads those 
jiriviioles, singly, can unite with sis monad 

■- Ki.w vt we turn to Pigs. 4 and 5, p. b'-i, and cou- 
*e the shaded portions in those figures to 
-TCBent in the force sheaths of the particles, those 
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portions which aot as ties to oonnect the central 

atoms of tho particles with the central atoms of 

contiguous particles, we shall be able to understand 

how completely the teaching of the atomic thoory-j 

indicating, aa it does, the broad fact that particles 

itave on each side of them, each according to its 

kind, a definite number of tiea, by which it is 

enabled to hold on to a definite number of other 

particles contiguous to it, is in agreement with the 

arrangement indicated in Figs. 4, 5, and 6, in which 

the particle is shown aa being endued with a force 

sheath of regular form divided up, in a regular 

way, into compulsive force, or holding on portions 

'CT ties, and into repulsive force, or holding off 

lortions or struts. For if we find that while, on 

i6 one band, single particles of some of the ele- 

lentary Kubstances are able to unite with or take 

themselves not more tlian six monad particles 

:|[and, as already pointed out, no single particle of 

riiy elementary substance is able to unite with more 

,n six particles of another elementary substance); 

'hile again single particles of other elementary 

e to unite with, or to take to 

lemselvea not more than five of the same monad 

while again single particles of others 

to take not more than four ; those of 

jhers not more than three ; those of others not 

than two ; and lastly, while those of some 
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are not able to unite with more than one particle — 
on the other hand^ single particles of some 
elementary substances are not able to unite with 
less than four monad particles ; and those of others 
are not able to unite witih less than three ; and those 
of others with not less than two monad particles: 
and we find also^that while generally single monad 
particles can alone replace, in any compound, other 
single monad particles; Lo monad ^cks are 
equivalent to and can replace one dyad particle ; three 
monad particles are equivalent to and can rephice 
one triad particle^ and four monad particles are 
equivalent to and can replace one tetrad particle 
(Roscoe's '^ Chemistry/^ vol. i., p. 96), the in- 
ference is clear that definite portions of the force- 
sheaths of all particles, or, what is the same thing, 
of the surfaces of the central atoms of particles are 
occupied by the compulsive force by which particles 
hold on to each other, and that these portions, 
though they can be enlarged or reduced, can only 
be so enlarged or reduced within certain limits. 
And when then we find that single particles of any 
substance are able to make several combinations 
with particles of some other substance, in each of 
which the single particles are united to a difierent 
number of particles of the other substance, we 
may understand that the combination, in which the 
groups are made up of the smallest number of 
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^particleSj ia effected wlien the single particles find 
a deficiency of the other particlcsj and therefore 
under unfavourahle circumstanceB ; and that the 
comhination, in which the groups are made up of 
the highest number of particles, is effected under 
specially favourable circumatancea, by which the 
tjpmpulsive force portions of the enrelopes of the 
irticles, which combine, are extended to their 
llest limit. Thus, neither the comhinatiorij ia 
which the groups contain the smallest number of 
particles, nor that in which they consist of the 
highest number of particles, is a stable one; for as 
soon as the unfavourable, or the specially favourable 
circumstances pass away, a change takes place. 
Thus, with a deficiency of oxygen, nitrogen com- 
bines with osygen to form nitric oxide, NO, in 
which the groups consist each of a single nitrogen 
united to a single oxygen particle ; but, as soon as 
'■nitric oxide is exposed to the air, each of the groups 
takes an additional particle of oxygen, and the 
fiitrio oxide, NO, ia converted into nitrogen tetroxide, 
I'ifOj, in which the groups consist of a single particle 
■oT nitrogen united to two particles of oxygen. 
;ain, by withdrawing from anhydrous nitric acid, 
Oj, the elements of water, it is possible to obtain 
nitrogen pentoxide, NjOj, {Roscoe's " Chemistry," 
vol. i,, p. 413), in which the groups consist, each, of 
two nitrogen particles united to five oxygen par- 



114 Light the Dominant Force 

tides; bnt nitrogen penfcoxide decomposes at a 
temperature between 45° and 50° C. This conclusion 
is strengthened by the fact^ already noticed^ that 
when a monad particle, such as one of chlorine, 
unites itself to a particle of hydrogen, no contraction 
of volume, in either particle, takes place ; but when, 
however, a dyad particle of oxygen seizes and 
takes to itself two particles of hydrogen, the two 
particles of hydrogen are condensed to the volume 
of the dyad oxygen particle, or to that of a single 
particle of hydrogen, when uncombined; whilst, 
when a triad nitrogen particle seizes and takes to 
itself three hydrogen particles, the three particles 
are condensed to the volume of the nitrogen par- 
ticle or to that t)f a single hydrogen particle when 
uncombined. 

66. The condensation of hydrogen particles, by 
oxygen or nitrogen particles with which they com- 
bine, exhibits in a striking way the drawing to- 
gether of particles which, as already noticed, takes 
place, accompanied by a displacement of repulsive 
force, when particles of two elementary gases com- 
bine, or when an elementary gas combines with an 
elementary solid. 

It is to condensation, denoting, as it does, an 
increase of compulsive force, that the superior acti- 
vity, in combining, of ozone, which is oxygen con- 
densed, by the passage of the electric spark through 
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oxygen or in some other ^v^ay, from three volumes 
into two volumes (Roscoe's '^ Chemistry/' vol. i., p. 
196), over oxygen, is due. The fact that ozone, 
which is one of the most powerful oxidizing agents 
known, attacking at once and destroying organic 
substances, such as caoutchouc, paper, &c. (Roscoe, 
vol. i., p. 201), should lose much of its oxidizing 
power and be converted into ordinary oxygen gas, 
as soon as its volume is expanded by the application 
of heat, or repulsive force, and the consequent dis- 
placement of compulsive force, is specially note- 
worthy. And this fact becomes more especially 
noteworthy, when taken in connexion with the fact 
that a piece of tinder can be lighted in a cylinder, 
by suddenly compressing the»air in the cylinder by 
the aid of a piston (^^ Recent Advances in Physical 
Science,*' p. 9), showing that the particles of oxygen 
in the air, when thus condensed, are able to com- 
bine with the carbon particles in the tinder, heated 
by repulsive force displaced from the compressed 
air, with sufficient energy to set up combustion. 

The fact that a piece of spongy or porous pla- 
tinum is able, in the way already indicated in 
paragraph 54, to condense hydrogen and oxygen 
particles in its pores to such an extent as to bring 
about combination between them, should also be 
remembered. 

67. We have seen that, when particles of two 

I 2 
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elementary gases, or of an elementary gaa and an 
elementary BoHd combine, a drawing together o( 
the lighter gaseous particles, with a displacement o| 
repulsive force, must take place, and that, when 
particles of two elementary solids combine, or i 
elementary solid combines with an elementary gas,, 
and even when a dense elementary gas combines 
with a light one, a separation, or thrusting aparft 
of the solid particles one from another, involving i 
loss of compulsive force, must take place before tha 
drawing together which constitutes chemical imion 
can be effected. We can therefore understand that 
two partitlea in a compound are, in many cases, 
brought much closer to each other than they can 
ever approach to otiier particles, whether of the. 
same kind as themselves or of a different kind, in 
any state, whether solid, hquid, or gaseous, when 
existiug in the pore or nncombined ; and that it ia 
to the shortness of the distance throngh which the 
compulsive force, which binds two particles united, 
in chemical combination together, acts, that the 
connexion between the particles becomes so strong 
that it ia able to endure through changes which 
convert the compoond from a solid to a liquid, and! 
from a liquid to a gaa. The loss of compulEivS; 
force in the mass as a whole, which, aa we havft 
aeen at paragraph 57 takes place when a solid com- 
bines with a gas, is not incompatible with the fact 
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of the particles of tlie gas being by the process of 
combination brought closer to the particles of tho 
Boliil than the particles of the solid are brought to 
one another, in the process of solidification ; for we 
■«an understand that thoughj in the compound, par- 
ticle may be nearer to particle in the groups, yet 
group may be further from, group, than, in the 
solid, particle is from particle. In this way we caa 
understand how in the formation of hydrochloric 
described in paragraph 60, a hydrogen par- 
[ticle may be brought closer to a chlorine particle 
hydrogen particle is to a hydrogen particle 
isa of hydrogen, or a chlorine particle to a 
'^orins particle in a mass of chlorine, and yet 
group may be further from group in hydrochloric 
acid than particle is from particle in a mass of 
hydrogen or of chlorine, and so, though no change 
of volume may take place in the formation of hydro- 
chloric acid, a displacement of repulsive by com- 
pnlsive force may take pliice. At the same time it 
iTOust be remembered that there are combinations 
■which, though they are possible in the solid state, 
are not possible in tho gaseous state, and therefore 
the effect of the greater amount of compulsive force 
present in the solid state is by no means to be over- 

loked. 
We must remember that the state of chemical 

imbinatioD is forcibly brought about, and does not 
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consist in the mere grouping of particles togetlier; 
in order, Ruch as takes p]ace when particles of 
different liquids or gases form by difiasioa a simple 
mixturej and then if at the same time we remember 
that the action of a force is inversely proportional 
to the square of the distance at which the force 
acts, we shall have little difficulty in understanding 
how if particles, united in chemical combination, 
are drawn much closer together than particles in 
the solid state are, the ties, which hold the particteA 
in a pair or in a group of particles together in 
chemical union should last, even though the ties 
which hold the pair or group to other pairs or 
groups contiguous to them in a solid mass are rup- 
tured. 

i38. Pairs or groups of partielcjs, when united in 
chemical combination, thenceforth act and mova 
just as single partieles do; Uios they, when in the 

I, diffuse, or mix 

es, or liquids, 

or dlssolre 

t the eJementaiy 

: . they 

• ' «ilijected to 
niAJOX pressure, 
<.!« Utarm just as 
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particles of elementary aubstances do ; or again, 
they combine with the groups of other compounds, 
forming fresh compounds, just as we have seen 
particles of one elementary substance combine with 
particles of other elementary substances. 

69. But if, when in chemical combination, par- 
ticles of one substance are so close)y united with 
particles of another substance that the united group 
thenceforth is enabled to axA and move as a single 
particle, it will be plain that the individual proper- 
ties and action of the particles composing the group 
will have been merged into those of the group ; and 
that group action and group properties will be sub- 
stituted for the iQdividii&l action and individual 
properties of the several particles composing the 
■cup. Thus for example, air is a mixture of the 
jwo colourless odourless gases nitrogen and oxy- 
; and air, like the two gases of which it is made 
I is practically colourless and odourless too, and 
H remain so as long as the two gases in it remain 
nply mixed together : but if a series of electric 
vA& are passed through a quantity of air and a 
tion of the nitrogen in the air is made by the 
ipulsive foi-ce of the electric spark to combine 
^ portion of the oxygen to form the compound 
•iteii peroxide NO,, in which the groups consist 
i single particle of nitrogen united to two 
_ of oxygen, the colourless odourless air will 
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be transformed into nitrogen peroxide, which in the 
gaseous form is a brown vapour having a very un- 
pleasant smell, and at the ordinary temperature of 
the atmosphere, is a yellow-coloured liquid. Again, 
carbon ordinarily exists in the form of a black 
opaque solid, whilst sulphur ordinarily exists in the 
form of a yellow opaque or semi-transparent soUd, 
and neither carbon nor sulphur have any odour; 
but when carbon combines with sulphur ; the com- 
pound carbon disulphide CSj is formed, in which 
the groups consist each of a single particle of 
carbon united to two particles of sulphur ; and this 
carbon disulphide is a colourless liquid having a 
sweet smell. In both these cases we see that the 
properties of the groups are totally different from 
those of any of the individual particles of which the 
groups are composed. 

70. In order to show how very closely the action of 
groups of particles in compounds corresponds with 
that of single particles in elementary substances, we 
may point to cyanogen, a compound of carbon and 
nitrogen, in which the groups consist, each, of two 
particles of carbon united to two particles of nitro- 
gen, and which combines with hydrogen to form 
hydrocyanic acid, in which the groups consist, each, 
of one of the groups of which cyanogen is made up 
united to a particle of hydrogen, just as in hydro- 
chloric or hydriodic acid the groups are formed 
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by tto union of a single particle of chlorine or of 
iodine combined with a single particle of hydrogen, 
We may point also to other compounds of cyano- 
gen, such as the cyanide of mercury, Hg(CN)„ 
in which the groups consist each of two of the 
groups of which cyanogen is made up united to 
a single particle of mercury. So also we find 
ammonia, NHj, in which the groups consist, each, of 
a particle of nitrogen united to three particles of 
hydrogen, forming compounds, such as the car- 
bonate, sulphate, or nitrate of ammonium, correspond- 
ing to the carbonates, sulphates, and nitrates formed 
I'by many of the metals. 

71. The compounds formed by combinations of 
kCompounda may be further combined, and thus sub- 
stances made up of groups of particles united to- 
gether in a very complex way may be obtained ; but 
linto the changes and interchanges by which these 
erabstances are obtained, it is not necessary here to 
go, the general principles by which compounds are 
formed being plainly indicated in the combinations, 
which take place between the particles of elements, 

id which have already been considered. 

72. We have seen that the particles, in the groups 
particles, ol' which compound substances are made 

op, are united together by compulsive force ; it is 
plain then that if we wish to separate two substances 
which have combined together we must displace the 
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compulsive force by which the particles of the snb- 
stances are held together : and as compulsive force 
can only be displaced by repulsive force, some method 
of applying repulsive force to the compound must 
be employed. Accordingly, to dissociate substances 
in combination the compound must either be exposed 
to a very high temperature at which compulsive 
force practically ceases to be evolved by displace- 
ment, and the emission is one of unmixed repulsive 
force, or repulsive force must be applied by a current 
of electricity, with which, as will be better seen here- 
after, repulsive force is liberated from one pole, viz. 
the positive pole. There is a way, however, of dis- 
sociating one of the substance in a compound which 
is often employed, and that is by displacement, or 
by bringing the compound in contact with some 
substance which has a greater aflBnity for the other 
substance, or substances, in the compound than the 
substance to be displaced has : the process of dis- 
placement is assisted if necessary by the application 
of heat. 

When a substance has been displaced from a 
compound, its particles for a time have still about 
them a considerable amount of the compulsive force 
by which they were held in combination, and are 
consequently in this state, which is called the nascent 
state, more ready than at other times to combine 
with the particles of other substances : thus oxygen 
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in the nascent state occurs in the form of ozonoj 
which, as already stated, is by far the most active 
form in which oxygen is found. 

73. The process of crystallization has been dis- 
cussed already at paragraph 36; and it is not 
necessary to enter further into the subject here, 
except to point out that the emission of light visible, 
in some cases, at the moment a crystal* is formed, if 
the process of the formation of crystals is watched 
in a dark room (see ^^ La Lumiere/^ by M. Edmond 
Becquerel, p. 39), may perhaps be explained on the 
assumption that the sudden consolidation of parti- 
cles, which takes place when luminous effects are 
noticed, liberates a sufficient amount of repulsive 
force to displace a certain quantity of compulsive 
force in some of the particles, whether solid, liquid, 
or gaseous, which intervene between the crystal and 
the eye. In the same way too we may assume that 
the flash, which is noticed sometimes when two gases 
combine explosively under the action of compulsive 
force, and the pale flame visible when two gases 
combine by the action of compulsive force, are due 
to compulsive force displaced from the air particles 
between the eye and the point where the combina- 
tion of the gases is effected, by the action of the 
large amount of repulsive force liberated by the com- 
bination of the gases. 

73. The fact that marsh gas, in which the groups 
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consist, each, of a single particle of carbon united to 
four particles of hydrogen, bums in air with a 
non-luminous flame; whilst olefiant gas, in which 
the groups consist, each, of two particles of carbon 
united to four particles of hydrogen, burns with a 
luminous flame, can perhaps be explained on the 
assumption that a greater amount of compulsive 
force, than is required by the hydrogen particles, is 
displaced from the two carbon particles in each gi*oup 
of particles in the olefiant gas. If, however, as in 
the Bunsen burner, a large amount of air is mixed 
with the gas, so as to supply sujfficient oxygen to 
effect the complete combustion of the whole of the 
hydrogen particles j then the whole of the compul- 
sive force displaced from the carbon particles will 
be employed in effecting the combination of the 
increased amount of hydrogen particles, which are 
burnt, and the flame, though intensely hot, will be 
non-luminous, the want of luminosity being also 
perhaps in part due to the fact that the larger body 
of gas ascending from the Bunsen burner, and 
obtained wholly from inside, may provide a wider 
road for the passage upwards rather than outwards 
of any amount of displaced compulsive force which 
may remain unutilized. That this explanation and 
not Davy^s explanation — according to which the 
luminosity of an olefiant gas flame was supposed to 
be due to unconsumed particles of carbon .which are 
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raised to a etato of incandescence wlien in suspension 
in tli6 flame; and the non-iuminositj of the flame 
when air is mixed with the gas to bo due to the i'act 
of all the carbon particles being consumed — is more 
nearly the correct one seems to be shown by the 
fact that the flame also becomes non-luminoua if 
instead of air a non-inflammable gas such as nitrogen 
or carbonic acid is mixed with the defiant gas, 
(Roacoe's " Chemistry/' vol. i., p. 187), thus reducing 
the consumption of gas, and providing in the large 
'oolamn of gas ascending from the burner a ready 
froad and a wider area for the upward rather than 
Sntward displacement of compulsive force. This 
conclusion seems further to be strengthened by the 
act that Professor Frankland found (Roscoe, vol. i., 
p. 188) that oxygen and hydrogen, which ordinarily 
burn with a non-luminous flamo, give rise to a 
luminous flame when burning under a pressure of 
20 atmospheres. The luminosity of the flame of the 
gases burning under pressure may perhaps be 
assumed to be duo to the compulsive force in excess 
of the amount required to induce combination, being 
Lsplaced by the emission of repulsive force, which 
ipanies the combination of two gases. 
We thus see that the science of chemistry 
plainly the fact that all matter is made up 
aggregations of minute bodies, or particles, which 
iVe a general tendency to arrange themselves in 
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groups. We also see that while there is nothing, in 
the facts revealed by chemistry, inconsistent with the 
assumption that every one of the particles of which 
matter is made up is in the grasp of the two oppo- 
site forces of compulsion and repulsion — by the one, 
of which, particles are drawn together into groups, 
and the groups, or single particles, are drawn together 
into gaseous, liquid, or solid masses, and these masses 
into heavenly bodies; whilst by the other the 
particles are kept apart particle from particle, so 
that even when they are most closely united together 
the central atoms of the particles are never in actual 
contact, and whenever this force preponderates 
particle is driven away from particle, group from 
group, and mass from mass, and a general scatter- 
ing and dissociation takes place — there is, on the 
contrary, much in the peculiar manner in which 
particles, when free to move, arrange themselves, as 
we have seen, almost invariably in groups ; also in 
the fact that, on the one hand, when force is im- 
pressed upon a mass of matter, certain definite 
changes occur in the mass, denoting, if the force is 
one of attraction, a drawing together in some way 
of the particles, either of the mass as a whole, or 
of the groups of which the mass is made up ; and if 
the force is one of heat or repulsion, an expansion 
or a separation of the particles either of the mass as 
a whole or in the groups of which the mass is made 
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up ; and on the other hand, when changes occur in 
a mass of matter an emission of force takes place, 
either of attraction or compulsion if the change 
involves the separation of the particles, or of re- 
pulsion or heat if the change involves a drawing 
together of the particles ; also in the way in which, as 
we have seen, combination is brought about by com- 
pulsive force if the particles are expanded, or by 
repulsive force if they are condensed, — to support 
this view. 

75. Probably, however, the most striking proof 
of the accuracy of this view is to be found in the 
fact that a piece of platinum is able, on the one 
hand, as is well known, when it is heated and 
plunged into a mixed mass of oxygen and hydrogen 
gas to force the gases to combine and form water ; 
and on the other hand (see Grove's ^^ Correlation 
of Physical Forces'' p« 50), when at a white heat 
it is plunged into a mass of water so as to be very 
suddenly cooled, is able to decompose some of the 
water into a mixed mass of oxygen and hydrogen 
gas. For here, plainly, we see compulsive force 
displaced by heat forcing gases to combine; and 
repulsive force displaced by rapid cooling forcing 
combined gases to separate. 



1 28 Light the Dominant Force 



CHAPTEE IV. 

ELECTRICITY AND MAGNETISM. 

76. From a consideration of the forces to which 
chemical action is due, we turn naturally to the con- 
sideration of those to which electrical action is due, 
for indeed a little careful consideration will show 
that chemical action runs into electrical action, or 
electrical action into chemical action, at every step. 
77. If then we take a quantity of water to which 
a small quantity of sulphuric acid has been added, 
and place a plate of zinc, of which the surface has 
been amalgamated with mercury, in the weak solu- 
tion of water and sulphuric acid at the ordinary 
temperature of the atmosphere, we shall find that 
the zinc will remain practically unaffected. If, how- 
ever, the zinc is continually heated while still 
immersed in the weak solution of water and sul- 
phuric acid, we shall find that an energetic action 
will go on between the zinc and the acid, whereby 
some of the zinc particles will displace the hydrogen 
particles in some of the groups of particles of which 
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(Balpliiiric acid is made up, with the resalfc of convert- 
1 Balphurio acid groups into sulphate of ainc 
groupg, and of li beiut in g hydrogen in the free state. 
And we thus see that to enable the action between the 
zinc and the sulphuric acid to proceed energetically 
a supply of repulsive force, in the form of heat, is 
required. But if now, instead of heating the zinc, a 
piece of stout copper wire is attached to it, and 
another piece of stout copper wire attached to a 
plate of copper j and then the plate of copper is 
immersed in the weak solution of water and sulphuric 

(acid alongside of the zinc, but not touching it, we 
filiall find that, if the copperwireconnected with the 
aino ia made to touch the copper wire connected with 
the copper plate, energetic action between the zinc 
and the sulphuric acid will be sot up, accompanied 
with a disengagement of bubbles of hydrogen at the 
copper plate, though there will practically be no 
action between the copper and the sulphuric acid ; 
but if the two wires are separated the action between 
V the zinc and the sulphuric acid will ceaae. Now we 
H have seen that when the zinc plate alone was im- 
mersed in the diluted sulphuric acid, in order that 
energetic action between the zinc and the snlphuric 
acid might be set up, the zinc must be suppUed with 
repulsive force in the form of heat ; and when then 
we find that if a zinc and a copper plate are immersed 
together in thp dilntmi sulphuric acid, energetic 



1 30 Light the Dominant Force 

action between the zinc and the snlphnric acid goes 
on whenever the zinc and the copper plates are con- 
nected together, and ceases whenever they are 
separated, we can understand that the fanction of 
the copper plate is a double one — namely, to supply 
repulsive force to the zinc and to receive from the 
zinc compulsive force \ and that, when the zinc and 
the copper are connected together by a wire, a flow of 
repulsive force takes place along the wire in one 
direction, i.e. from the copper to the zinc, and a flow of 
compulsive force in the other direction, i.e. from the 
zinc to the copper. That the copper plate receives 
compulsive force is apparent, because the bubbles of 
displaced hydrogen collect upon it, being attracted, 
or wrenched away from the sulphuric acid groups 
by the compulsive force upon the copper plate ; but 
besides this, if in place of employing a single pair of 
plates of zinc and copper a number of pairs of plates 
are made up into a battery, a sensible emission of 
light will, as we shall see, pass from the wires or 
poles of the battery if the ends of the wires are first 
brought together and then separated by a short 
interval ; and on the assumption that light repre- 
sents compulsive force, we have thus then here 
ocular demonstration of the fact that compulsive 
force passes along the wires : also that repulsive 
force passes along the wire is apparent, because if 
the ends of the copper wire are connected by a 
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piece of fine platitmin wire instead of being brought 
directly in contact, the piece of fine platinum wire 
will beheated owing plainly to its in ability to transfer 
the -whole of the repulsive force which it receives at 
one end to the other end. In addition it may be well 
to remember Faraday's experiments, by whicli he 
showed that when a pair of metal plates in dilute 
(Uiid are in the relation to each other of positive and 
negative, or in the same relation as zinc to copper, 
the effect of heating the negative is largely to 
increase the action on the positive plate (Faraday's 
" Experimental Researches in Electricity," vol. ii., 
p. 63), since they confirm in a remarkable manner 
the accuracy of this esplanation. But we have 
further evidence than this ; for if the ends of the 
two pieces of copper wire connected respectively 
with the zinc and copper plates, instead of being 
directly connected, are dipped both of them in a 
solution of sulphate of copper, it will be found 
that the actioE between the zinc and the sulphuric 
acid will be set up, though more feebly than when 
the ends of tho two wires are directly connected ; 
but at the same time the end of the wire con- 
j|»ected with the copper plate will be corroded 
swuy in the sulphate of copper solution ; whilst 
the end of the wire from the zinc will grow, 
receiving from the sulphate of copper solution a 
deposit of pure copper (Ferguson's "Electricity," 
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p. 109). Horo then plainly we have the wire 
from the copper plate Hhowing the acticrn of repul- 
sive force, which, as wo have ah'eady seen in para- 
graph 56, in the I'orm of heat facilitates the solution 
of solids by liquids ; and the wire from the zino 
plate showing the action of compulsive force, in 
attracting to itself the particles o£ pare copper cor- 
roded away from the end of the wire from the copper 
plate. 

78. If, in place of taking a single pair of copper 
and zinc plates, a large number of pairs are taken, 
and each pair immersed in diluted sulphnrio acid 
in a separate cell, in such a way that the copper 
plates all face one way, and the zinc plates ^ 
face the other way ; and if then a long copper wire 
ia attached to the last copper plate at one end of the 
series of pairs, and a long copper wire to the last 
zinc plate at the other end of the series of pairs ; 
and if all the intermediate copper plates are con- 
uected liy a short wire each to the zinc plate of the 
pair next to it, a powerful battery is obtained, of 
which the two long wires attached to the end plates, 
one to the copper, and the other to the zinc, are the 
poles, or vrires corresponding to the two wires of the 
single pair. The end of the wire fi-om the zinc plate 
is called tlie negative pole, and the end of the wire 
from the copper plate is called the positive pole oi 
the battery. The explanation of the increased power 
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obtained witli this arraogement, above that obtained 
from a single pair of plates of the same area as 
the combined plates, ia possibly this, that action 
being started by the end plates the particles on one 
face of each copper plate snpply repulsive force 
to and receive compulsive force from the zinc plates 
in the same cell as themselves through the liquid, 
■whilst through the wires the particles of the other 
faces of the copper plates supply repulsive force to 
and receive compulsive force from the opposite 
faces of the ziuc plates connected with them in 
adjoining cells, and thus both faces of both plates 
are ntiKzed. If the poles, or wires connecting the 
terminal plates of a battery, are of any considerable 
length, we can understand that the passage of one 
iforce along the wire may displace to a considerable 
extent the opposite force, and thus in either direc- 
flow of mixed forces will take place ; the 
.gecondary action arising from the combination of 
Some of the particles of liberated hydrogen with 
irticles of oxygen arising from air in solution in 
lilte liquid may also cause more or less a mixture of 
■tihe forces, the same result may also be brought 
iJttbout by combinations due to impurities in the 
metallic plates. Hence, though at tho positive 
pole — i.e. tho ond of the wire connected with the 
copper plate — the emission of repulsive force for 
reasons already explained predominates, and at the 
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negative pole^ or the end of the wire connected with 
the zinc plate^ the emission of compnlaive force pre- 
dominates at both poles^ the emission is one of 
mixed force. 

79. If the poles of a powerful battery are 
brought together^ so as to touchy and then separated 
for a short distance^ force continues to pass 
between the poles^ and its passage across the space 
separating the poles will be marked by an emission 
of light and heat generally known as the electric 
light. If the poles are furnished with carbon points, 
the carbon of the positive pole, or wire attached to 
the copper plate, will waste away and be hollowed 
out ; and a portion of the carbon thus detached from 
the carbon of the positive pole will be heaped upon 
the carbon of the negative pole, or wire connected 
with the zinc plate ; and thus the emission at the 
positive pole will give practical proof of the action 
of repulsive force, and the emission at the negative 
pole will give practical proof of the action of com- 
pulsive force, in the same way as we have seen the 
corresponding wires with a single pair of plates 
manifested, when dipped in a solution of sulphate 
of copper, respectively emissions of repulsive and 
compulsive force. 

80. If plates of platinum are attached to the two 
poles of a battery, and the platinum plates are then 
plunged into a vessel containing slightly acidulated 
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rater, it is found that the water ia decomposed into 
ihe gases oxygen and liydrogen of which (see para- 
feraph 59) it is made up, the hydrogen particles going 
E at the negative pole the oxygen particles at the 
positive pole. We shall he able to understand the 
reason of this if we remember that when the two 
poles are dipped into a solution of sulphate of copper 
the positive pole, if it is of copper wire, is corroded 
away by the action of the repulsive force which it 
conveys, owing to the copper particles at the end of 
the wire being unable to transfer repulsive force to 
the particles of the liquid as fast as they receive 
repulsive force from the plate, and therefore moving 
f under the action of the repulsive force ; and re- 
member too that with the electric light the particles 
f the carbon point at the positive pole when unable 
otranafer to the particles of the air the whole of the 
l?epulsive force which they receive move off and, 
B the copper particles in the sulphate of copper 
solution, are heaped upon the negative pole, which 
|l)y the compulsive force, which it conveys, is able to 
Attract them; also if at the same time we consider 
lat when the wires are furnished with platinum 
tates, the wires by the large amount of conducting 
rface the plates afford are brought in contact with 
a very large number of liquid particles, and are 
consequently able to transfer force to the liquid as 
&Bt as they receive it : for we shall then see how it 
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may be possible for the liqaid groups of particles at 
the positive pole now in their turn to be given a 
greater amount of repulsive force than they can 
transfer to other liquid groups of particles con- 
tiguous to them; and how if then the groups of 
particles are clogged in their movements by the acid 
particles with which they are associated (for perfectly 
pure water is not readily decomposed by an electric 
current) the effect may be that the groups will 
break up and that the lighter and more condensible 
hydrogen particles will move across and transfer 
force by impact to the negative pole in the way 
described in paragraph 49, just as the particles of 
copper do when the poles are dipped in a sohition 
of sulphate of copper, whilst the heavier oxygen 
particles will be set free at once at the positive pole< 
We have proof in Faraday's discovery that, if an 
electric current is transmitted through a series of 
difiTerent electrolytes, each electrolyte will be decomr 
posed exactly as it would be if it were the only 
electrolyte through which the current passed (Lard- 
ner^s "Natural Philosophy,'^ p, 239), that this is 
the correct explanation of the electrolysis^ or decom- 
position of water or other electrolytes by the electric 
current ; for, to quote from Miller^s " Chemistry," 
vol. i., p. 575, " It has been amply proved by expe- 
riment that for every 65 milligrammes of zinc which 
is dissolved in any one cell of the battery, provided 



action bo prevented, 1 8 milligrammes of water 
are decomposed in the voltameter, or if . . . several 
electrolytes be arranged in succession each compound 
will experience a decomposition proportional to its 
ohemical equivalent. For instauce^if the cnrrent 
te made to pass first through fused plambic iodide 
(Pblj) and then through fused atannoua chloride, 
SnCl, — for each 65 milligrammes of zinc dissolved 
in any one cell of the battery 207 milligrammes of 
lead and 118 milligrammes of tin will be separated 
■on the respective platinodes, whilst 254 {or 2 x 
127) milligrammes of iodioo and 71 (or 2 X 35.5) 
iUigrammea of chlorine will be evolved at the 
respective zincodes. These nnmbers correspond 
with the chemical equivalents {not the atomic 
weights) of the several elements named." And since 
it thus appears that the weights of the several 
elementary substances displaced from the electro- 
lytes are exactly in the same proportion as the 
weights in which the substances combine in forming 
,^e several electrolytes, it is clear that, for every 
icle of zinc consumed in the cell, one group of 
ictes is decomposed or broken up in every one 
the electrolytes through jvhich the electric current 
And since also (as we have seen at paragraph 
',77) the repulsive force by which the particles of the 
iJjinc plate in one of the cells of a battery are enabled 
displace the hydrogen particles &om the gronps 
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of particles of which the sulphuric acid^ in the sola- 
tion in which the plates are immersed^ is made np, 
is supplied by the copper plate^ and passes along 
the wires or poles of the battery to the zinc plat^^ 
it is easy to see that if, instead of finding an un- 
interrupted road all the way through the wires of 
the battery, the repulsive force in its passage from 
the copper to the zinc plate finds its road broken 
up by the intrusion of several electrolytes in each 
of which the groups consist, as in the case of water, 
plumbic iodide, and stannous chloride, of the same 
number, namely three, of particles, and therefore are 
similar to one another, and in all of which the 
resistance is so great that a passage can only be 
effected by breaking up the groups of particles in 
the way described in the case of acidulated water ; 
and if as is clearly the case the absolute quantity of 
force required to effect the combustion of a single 
zinc particle in the zinc plate and to break up a 
group of particles in any one of the electrolytes is 
constant, then before sufficient force to eflfect the 
combustion of a single zinc particle reaches the 
zinc plate the same number of groups of particles 
must be broken up in each of the electrolytes, 
whether the number broken up is great or few ; for 
since the groups in each case are similar, and we may 
therefore suppose the transfer of repulsive force in 
each case to be effected through the same number 
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of groaps; antf since the transfer through an electro- 
lyte is effected, aa we have seen, by breaking up 
gronps of particles : hence although in the first 
electrolyte or the one nearest to the copper plate 
the absolnte quantity of force transferred will be 
greater than in the second or third or fourth eleo- 
trol3^eSj and in the second greater than in the third 

lor fourth, and so on, the transfer will involve the 
treakiog up of the same number of groups of parti- 
cles in each electrolyte. The decomposition of the 
electrolytes is thus seen to be effected concurrently 
with the combustion of zinc in the battery cell, and 
is therefore not consequent upon or brought about 
by force developed by the consumption of the zinc ; 
for if this were the case the consumption of zinc 

I'would be greater with an increase in the number of 
dectrolytes to be decomposed, since a greater 
amount of work would then have to be done, 
whereas we know that the consumption of zinc is 
just the same whether the number of electrolytes 
be many or few, and the rate only at 
^hich the zinc is consumed is reduced by an 
11 the number of the electrolytes. 
The zinc plate possibly may obtain repulsive force 
rem the mass of the electrolyte nearest to it in 
addition to the supply coming from the copper 
plate, and the electrolyte nearest to the zinc plate 
in its turn may obtain repulsive force from the mass 
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of the electrolyte next to it; and so on : and in this 
way perhaps the regularity of the flow of force may 
bo asBJBted. If in place of passing the cnrreoi 
through a substance sach as acidalatod water the 
current is passed through some substance which 
requires a greater supply of force to effect the 
breaking up of its groups than the amount reqoired 
to effect tlie displacement, of a hydrogen, by a nine 
particle, in the sulphuric acid groups, no decom- 
position of the substance will take place, for the 
groups of particles of such a substance will be able 
to transfer the repulsive force, which reaches them, 
from one to another, and ao across from the positive 
to the negative pole, as fast as they receive it. 

HI. We are thus able to trace almost with cer- 
tainty an inflow of repulsive force by which the 
ooQsumption of zinc in the battery is effected, from 
the oopper to the zinc plate. We can also almost 
with certainty show, from the effect of the electric 
fpwrk in supplying to particles of mixed gases, such 
■ osygfH sud hydrogen or chlorine and hydrogen, 
roogh vvliich it is passed sufficient compulsive 
TO 'i> ffloct the combination of the gases, that 
ontfliJiv ,jf conipalsive force, due to the displace- 
tti' "f L'otiipul^ve force, which most occur before 
• fcani j;,',,^, ; jj converted into the soft solphkte of 
I rmiJy (—Jce^s pWe fr*"^ "^^ ^inc plate. The 
' *''" He electric s?"^' ™ '^'** biinging aboot 
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the combination of a mixtnre of two gases through 
which it passes, bas before been alluded to ; we 
may assame, however, that the gaaeoua particles 
about the negative pole or the end of the wire from 
the zinc plate are drawn towards the negative pole, 
under the action of a greater amount of compulsive 
force than they are able to transfer, so forcibly that 
they are sufficiently condensed to bring about com- 
bination. The action of the electric spark when 
passed through oxygen in effecting the condensa- 
tion of the oxygen into ozone, already alluded to in 
paragraph 66, should not be lost sight of. The fact 
also that though the electric spark can bring about 
combination, in a light mixture, such as one of 
oxygen and hydrogen, or even one of oxygen and 
nitrogen, it cannot effect combination in a dense 
mixture such aa one of chlorine and oxygen, is 
noteworthy. 

82. We have thus endeavoured to show the force, 
origin, and action of the electric current in a Gfal- 
wanic Battery, which may, it should be remembered, 

made up with any two substances, provided that 
the liquid in the cells acta more energetically upon 
one of the substances than upon the other. There 
can hardly he a doubt aa to the currents of Frictional 
Electricity, to which we may now turn our attention, 
having a force origin ; for with frictional elec- 
force is, as it were, put into the frictional 
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electric machine, and tberefore clearly force C 
got out. 

83. IT now a tube of glass, or a. stick of set 
wax — or some other substance whicli like gla 
sealinf^-wax, but unlike metallic subetances, do< 
allow of the free passage of electric currents a 
itB surface, and is therefore called a non-condnd 
is rubbed several times in the same direction 1j 
a, dry silk rubber, and then the robber 
i-emoved, it is found that the rubbed portion of t 
glass, or sealiag-wax, ia endued with the power of 
attracting to it light substances, such as small pieces 
of paper, thread, &c. If the rubber is insulated, le. 
attached to some non-couductlug substance, which 
will not allow an electric current from the rnbber 
to pass over its surfacPj it will be found that the 
I rubber also possesses the same power of attracting 
f ligKb substances. 

I If the glass tube, after it has been rubbed, is 
UMwiib nuar to a pith ball suspended so as to 
^^^^^kuly from an insulating stand, the pith ball 
^^^^^H^ briskly attracted to the glass tube ; but 
^^^^^Hpiag: the glass tube and remaining in con- 
^^^^^BSb for a moment, the pith ball will be just 
^^^^^Htepelled. If the glass tube is a second 
^^^^^Bn^ht near the pith ball it will repel, in- 
^^^■ftttmcting, the pith ball If the insulated 
^^^^Bs now brought near the pith ball, it will 
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attract the pith ball; and then after contact repel 
it, just as the glass tube did at first. If the glass 
tube is then ouce more brought near the pith ball 
it will now attract it, although the rubber continues 
to repel the pith ball. Tf a stick of sealing-wax 
after being rubbed by a piece of dry flannel ia 
brought near to the pifch ball, which is thus attracted 
by the glass tube and repelled by the rubber, the 
stick of sealing-wax will repel the pith ball, just as 
the rubber of the glass tube does ; but the flannel 
rubber of the sealing-wax, if insulated, will attract 
the pith ball, just as the glass tube does. Hence we 
see that the pith ball, when charged with the same 
electricity as that developed in the rubber of the 
glass tube, is attracted by the glass tube and by 
the rubber of the sealing-wax, but is repelled by 
the rubber of the glass tube and by tbe sealing- 
; also that the pith-ball, when charged with the 
lame electricity as that developed in the glass tube, 
^ attracted by the rubber of the glass tube and by 
the sealing-wax, and repelled by the glass tube and 
T the rubber of the sealing-wax, 
L To understand the nature of the power of attract- 
g and repelling an insulated pith ball developed, in 
I glass and sealing-wax and in their respective 
knlated rubbers, by the action of rubbing, we must 
■ that when a body is compressed by force 
^Had at both ends, or applied at one end and 
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nnsted or reflected at ihe other, lepaUiTe iat» 
dnplacex] btenlljr in the maimer indicst^ <° P~^ 
|6fr»ph 42 ; and at the taxae tiine ita V^^^^^ 
« pcrrtion of the repokire force ic thef 
idumthfl, and gain a corresponding portion oa ^^ 
paUivo force. As soon, however, as the ^^i 
cawing compressioa are taken off, the tu P ^^ 
n>puUive force, if the body is elastic, at once 
to ita propor position, and restores the oo ^ ^j^fl 
ordinary whupe; tot the lost repulsive force ^ ^^^ 
to lie got back and the excess of comp** ol^**** 
got rid of btjforo the body returns to it^ ^ ^fs, ** 
If tho body iu a good conductor, as >^ o»'^ ' 
iixcoHB of compoUive force passes oft ^^ seo- ^ 

if tbii body Ih a bad conductor, aa 6 - „ tv»»® „, 
svdX Ik, tliucxcoes of compulsive to^c ^^ c^^^es^ 
slowly to tho purticles of the a-Vf . ^'Tj,, co^'^^^^ 
RabNtiinooi. But when a body ^* '^ o*^"*^*^^«&* 
by fiiroit iijiijliiKl lit both ends fc^kz^e ^x"^"^ 
wllioh it rooeives iit one end, ^^-* ., (CC^^ 
i1lir>'r.'hl. contro from that wt*-^- *i^ 



III' filk rubber and t> 
'''lii'r and the stick • 
u iif n body coiupi*" 
iiilw, iirid thus receiv 
onio ; but tho nibb< 
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(iiffering directionally from the compnlaive force 
icltich tlie glass tube or tUe stick of sealing-wax 
receives. But besides receiving by pressnre com- 
piilsive force, the glass or the sealing-wax and 
tlerabber receive by motion and friction, in the 
manner explained in paragraph 47, either compul- 
B or repnlaive force, according as the friction 
B grinding or tearing friction. There is therefore 
B plain reason why the force imparted by a rubber to 
8 Soft substance, such as sealing-wax, should be dif- 
ferent from the force imparted to a hard substance 
Buck as glass is. Arid we have seen already, in para- 
graph 60, from the case of a projectile moving in 
s parabolic path under the simultaneous action of 
i^pnlsive force derived from the explosion of a charge 
rf gunpowder in a gun and of the compulsive force 
of gravity, that a body can be acted upon indepen- 
dently by the two forces of compulsion and repulsion 
at the same time, provided that the two forces are 
not acting about the same centre. We may therefore 
^BuBume that the act of rubbing communicates to the 
^Kbss and to the rubber of the soaling-wax compul- 
^isfve force in two directions, namely, one part, due 
to pressure, in a direction perpendicular to the 
rubbed surface ; the other part due to friction, in a 
direction parallel to the rubbed surface : also that 
the same action communicates to the rubber of the 
,nd to the sealiug-wax directional compulsive 
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force acting in a direction perpendicular to tie 
robbed aarface, and directional repalsive force 
acting in a direction parallel to the rubbed SBrface. 
Hence when the rubbing- action ceases the glass and 
the rubber of the sealing-wax are in the position of 
the zinc plat« in ono of the celia of a galvanic bat^ 
tery, since they like the zinc plate both have an 
excess of compnlsire and a deficiency of repnLsin 
force ; also the rubber of the glass tnbe and 
sealing-wax arc in respect of the force received bj 
friction in the position of the copper plate in one 
the cells of a galvanic battery, since like the co| 
per plate they give up repulsive and receive cont 
pulsivo force. 

So long as the rubber and the body rubbt 
remain in contact they will continue gradually 
at their respective outer surfaces to dissipate theix 
exC(.^Hs of compulsive force and to make good their 
deficiency of repulsive force, just as they ivould 
if both were parts of one solid body, and so 
marked action at the surface of either will be per- 
; but if at say time the rubber and th* 
fcbbett body are forcibly separated, and their innef 
I at which all the rubbing action between 
IBS taken effect are exposed, then a marked ao- 
b tlio exposed siiriacea will become perceptible. 
hi TVo have seen i.Ti paragraph 24 that surface par- 
f aolida both ta.o\i on to and transfer fore© to 
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and receive force from tlie particles of gases con- 
tiguous to them ; hence there will bs little dif&culty 
in underBtanding how the surface particles of bodies 
to which an excess of conapulsiTe or of repulsive 
force has been communicated by the act of rubbing, 
can gradually transfer that excess of force to the 
particles of air contiguong to them, and can take 
JA«m the particles of air a corresponding amonnt of 
the opposite force displaced by the transfer— the 
r of force to air particles would go on more 
Ipwly than would a similar transfer to solid par- 
pbles, but it will go on regularly nevertheless. So 
also we can understand how air particles having 
received an excess of force from the surface particles 
of one solid may transfer a portion of such exceBS of 
force to the surface particles af another solid with 
which they may come in contact, and may receive 

^i^om such solid in exchange a correspoudiug amount 
!ief the opposite force displaced by the transfer. 
^Eia, which is Faraday's view (" Experimental Re- 
searches in Electricity," vol. i., p. 362), is plainly 
in strict accordance with all that we have hitherto 
^^Leamt in regard to the transfer of force. 
^H 85. From the fact that both the rubber and the 
^Bbbbed body receive compulsive force during the 
process of rubbing we can understand the way in 
which both the rubbed body and the rubber are able 
to attract light bodies. 
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86. We have seen that the glass tube after itliad 
been rubbed was able to attract an insulated pith 
ball, but that after the pith ball had touched the 
glass tube it was then repelled iustead of being 
attracted by the glass tube. The probable expla- 
nation of this is that a portion of the excess of force 
about the surface particles of the tube is transferred 
directly to the particles of the pith ball, and a corre- 
gponiliug amount of the opposite force trauaferredhy 
the pith ball to the tube as soon as the pith ball 
cornea in contact with the glass tube; this inter- 
change of force goes on between the ball and the 
tube with very great rapidity until the particles of 
the ball have the same excess of compulsive force 
about them that those of the glass tube have. Then 
whereas before contact the surface particles of the 
glass tube alone transferred force to the air particles, 
after contact the particles both of the tubo and of 
the ball transfer compulsive force to the particles of 
air about tbem, and in this way both the tube and 
the ball gather about their surfaces layers of con- 
densed air particles, which act like solid envelopes in 
keeping the ball and the tube apart. We have seen 
ID paragraph 24 that, when a solid is plunged into 
a liquid, it is frequently found that portions of the 
surface of the solid have condensed thick films of 
Mr particles upon thera, and that these films com- 
oletely prevent the liquid particles from coming 
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in contact with the particles of the solid, thongh 
in the air the film ia quite invisible : and in the 
same way it is clearly possible for the glEiaa tabe 
and the pith ball to condense layers of air particles 
upon their surfaces ; only the layers about the ball 
and tnhe will be aa much thicker than the film which 
protects the surface of a solid planged into the 
water, as the force developed upon the surface of 
the tube, or ball, ia in excess of the amount of 
force by which ordinarily the surface particles of 
Bohda hold on to the particles of air contiguous to 
them. The layer of condensed air particloa about 
an electrified body will pratect the body from con- 
tact with any other body electrified in the same way 
and bavins' a similar layer of condensed air particles 
about ita surface ; but the layer of condensed air 
particles will not keep off from the electrified body 
_ an unelectrified body, which having more particles 
Esn its compoaition than a similar volume of air has, 
MB able to receive from the electrified body a pro- 
»;portionately greater quantity of compulsive force 
nthan a' similar volume of air can, and ia therefore 
"■ attracted to the electrified body ; with the result of 
displacing a portion of the layer of condensed air 
particles about the body ; and still less will the layer 
of condensed air particles keep ofi" an electrified 
body with an excess of the opposite electricity, or 
irce, such as a stick of sealing- wa 
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it has been rubbed has^ which^ as we have seen, has 
an excess of directional repulsive force impressed 
upon it by the act of rubbings for the excess of 
repulsive force upon the stick of sealing-wax will 
tend to thrust aside the particles forming the layer. 

The apparent repulsive effect which two pith 
balls or two pieces of gold-leaf exercise upon each 
other when both are charged with the same elec- 
tricity, may be explained in the same way by the 
formation of layers of condensed air particles upon 
the surfaces of both the pith balls, or of both of the 
pieces of gold-leaf. 

87. A frictional electric machine is simply a glass 
tube and rubber on a large scale^ though sometimes 
a glass plate is substituted for the glass tube. In 
the electric machine both the glass tube and the 
rubber are provided with wires, and suitable con- 
nexions, for conducting away the electricity, or 
force developed upon both, by the action of rub- 
bing. The wire from the rubber is connected with 
the earth ; and if then, while the machine is work- 
ing, a second wire connected with the earth is 
brought close to the wire connected with the glass, 
sparks of light of much greater length than the sparks 
obtained with galvanic batteries will pass between 
the wires. If the ends of the wires are connected 
by a piece of thin platinum wire the platinum 
"ire is heated in the same way as it is heated, as 
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we have already seen in paragraph 77, when placed 
between the poles of a galvanic battery in action. 

88. Hence, aa pointed out by Faraday, a current 
o£ frictional electricity doea not differ materially 
from a current of electricity from a galvanic battery : 
and we may aay generally that in both the cur- 
rent consists of a passage of compulsive force in 
direction and a passage of repulsive force in 
.e other direction, though in neither direction is 
the force absolutely pure and unmixed. We have 
seen, in the action upon an insulated pith ball of a 
glass tube or a stick of sealing-wax, after thoy have 
rubbed, a decided manifeatation of compulsive 
irce with frictional electricity. We may see an 
fqually decided manifestation of compulsive force 
with the electricity from a galvanic battery, if one 
of the wires of the battery ia passed round the two 
arms of a piece of soft iron bent in the form of a 
horae-sboe, so as to allow the current aa it were to 
spread over a wider surface : for the effect will be to 
convert the soft iron into an electro -magnet, and 
to confer upon it the power of attracting masses of 
iron similar to the power possessed by a piece of 
ladstoue or a common magnet. 

We may now therefore tarn our attention to 
study of Magnetism. We find then that a sub- 
ice called loadstone is sometimes found, which 
natnrally the power of attracting iron. From 
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Dana^s '^ Mineralogy *^ it appears that loadstone is 
a mixture of two oxides of iron ; and it does not 
therefore appear improbable that the source of 
power lies in a displacement of compalsive force dae 
to some alteration in the grouping of the particles 
indaced when a mass of some substance^ sach as 
iron, which is able to supply the necessary amount 
of repulsive force to effect the change, is brought 
near to the mass of loadstone. However that may 
be, we find that if a bar of steel or hard iron is 
rubbed several times, always in the same direction, 
with a piece of loadstone, the bar becomes a magnet, 
and has then conferred upon it the same power of 
attracting at both of its ends pieces of iron, which 
the loadstone has. We find also that, if the same 
bar of steel, instead of being rubbed with a magnet, 
is placed in a vertical position and struck several 
blows with a hammer, it will acq^uire the same 
magnetic properties as it acquires when rubbed 
with a loadstone. We find further that soft iron, 
though it can be rendered temporarily magnetic by 
the passage of a current of electricity round it, 
cannot be rendered permanently magnetic, either 
by an electric current, or by contact with a load- 
stone, or by blows with a hammer, in the same way 
that a bar of steel is rendered magnetic ; and if we 
remember that soft iron is pure iron, and hard iron 
impure, the fact that soft iron cannot be rendered 
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I permanently magaetio becomes of importance in 

giving UB an insight into the origin of magnetic 

force. Dr. Lloyd, in his " Treatise on Magnetism," 

p. 21, has drawn attention to this, and has pointed 

L out that the coercitire power of the magnet is dae 

Kio the presence, in small qaautities, of carbon, 

phosphorus, arsenic, sulphur, or some other foreign 

element, and that if these impurities are present in 

large quantities a bar of iron will resist altogether 

the development of magnetism in it. Now it is 

clear that a particle o£ iron and a particle of carbon 

in the presence of the moisture of the atmosphere 

■ are nearly in the same position as a plate of zinc 

■/find a plate of copper in the cell of a battery are, 

Tpind still more nearly in the position of one of the 

Lpairs of a dry pile, which is made up simply of discs 

l^f paper coated on one side with silver foil and on 

Ktte other with zinc foil and piled one upon another, 

I such a way that the silvered sides all look one 

■iray ; and we shall uot perhaps find it difficult to 

mderstand bow the effect of striking with a load- 

JStone or magnet, several times in one direction, a 

ar containing a number of such pairs of particles 

■ifljsposed irregularly, with the carbon particles in 

I looking cue way and in some anolber 

way, may be to arrange the pairs of particles in 

inch a way that all the carbon particles will look in 

3 direction, or in the same way that the pairs in 
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a battery or dry pile are arranged ; and that the 
effect may also be to press the carbon against the 
iron particles and to set up action between them^ 
and thus in fact to convert the bar into a dry pile 
composed of many millions of pairs. And we can 
also see without difficulty^ that the effect of striking 
a similar bar, when in a vertical position^ several 
times with a hammer^ must also be to dispose the 
pairs with the carbon particles all looking in one 
direction, and to press the carbon against the iron 
particles. We can further understand that a bar 
with many millions of pairs of carbon and iron par- 
ticles disposed in it in the same way as the pairs of 
j)lates in a battery would, although, when the pairs 
of particles were irregularly disposed, it manifested 
no compulsive action, develop in the presence of 
t-lio large surface of iron furnished by the bar, the 
Hamo compulsive force which a wire from a galvanic 
hai'tory develops, when it is passed round an iron 
l)itr. The difficulty is to understand how such a bar 
can coiitiuuo permanently to develop by galvanic 
action sufficient compulsive force to produce the 
markcHl attractive action, which a magnet exhibits; 
: inco at the rate at which zinc is consumed in a 
^•jilvaiiic battery, the iron bar must very soon be 
rrodod away. And if indeed the action of the 
•:not is as continuous as at first sight it seems 
I, this difficulty would be insuperable. But are 
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" we quite sure that the magnet ia continuously 
developing force of the same intensity as that 
which acts when a piece of iron is brought near the 

> magnet ? and may it not be that the approach of 
the iron Bets up an increased action in the magnet ? 
"We know that Faraday found that, though there 
was very little action when a pair of silver and 
copper plates were immersed in dilute sulphuric acid 
at the ordinary temperature, and very little action 

I when the copper plate was heated, there was very 
energetic action when the negative or silver plate 
fllone was heated. And may it not then be that the 
jMiirs of carbon and iron particles in a magnet are 
in much the same position as a pah' of silver and 
copper plates in dilute sulphuric acid ; in so far 
that like the silver and copper plates they may 
require to have a certain amount of repulsive force 
L communicated to the negative or carbon particle 
Hiliefore energetic action upon the iron particle is set 
B up ? If the distribution of compulsive and repulsive 
force in the force sheaths of iron particles is such 
that when paramagnetic substances, such as iron, 
V nickel, cobalt, &c., approach a magnetized bar, 
Bjepulsive force is transferred to the carbon particles 
Pin the pairs of particles in the bar; whilst when 
diamagnetic substances, such as bismuth, antimony, 
&c,, approach the magnet, repulsive force reaches 
^the iron and not the carbon particles of the pairs of 
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particles in the magnet^ it will be clear that the 
approach of a mass of iron to the magnet will set 
up galvanic action in the magnet^ and that this 
action will increase in energy as the mass of iron 
gets nearer to the magnet, until finally the mass of 
iron touches the magnet and gives up the whole 
of the repulsive force it is capable of supplying. 
Provided that after the mass of iron has joined the 
magnet the compulsive force, by which the mass of 
iron was drawn to the magnet, is not displaced from 
about the surface particles of the mass of iron and 
the magnet at the point of contact of the two 
surfaces, the mass of iron will continue to adhere to 
the magnet after it has reached it without , necessi- 
tating any further development of compulsive force 
in the magnet. Hence a keeper may continue to 
adhere to a horse-shoe magnet, without causing any 
consumption of material in the magnet beyond that 
which always goes on from oxidation when any 
mass of iron is exposed to the atmosphere. 

90. With this explanation of the nature and 
action of a magnet it is quite evident that if a 
magnet is broken up into any number of pieces 
each piece will act in the same way as the entire 
magnet acted ; and this is found in practice to be 
tlio case. It will also be plain that if two magnets 
are brought together in such a way that the north 
pole of one is next the south pole of the one in 
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' front of it all the carbon particles in all the 
pairs of particles in both magnets will face in the 
same direction ; and thua that the two magnets 
when thna situated will form parts of one large 
L magnet inclnding the two ; accordingly it is fonnd 
B'.ihat when two magnets are so situated tbey attract 
^bacb other, and joining together have a common 
^Lortb a.nd a common south pole. 
^P 91. Since magneta develop compulsive force, it 
is clear that they may condense about their poles 
layers of air particles, similar to the layers of con- 
densed air particles, which apparently form, as 
shown in paragraph 86, about tbo surfaces of rubbed 
glass tubes or sticks of sealing-wax. And we have 
evidence that magnets do so condense air particles 
about their poles (Ferguson's " Electricity," p. 205) 
in the fact that if a disc or cobs of copper ia made 
to rotate between the poles of a powerful electro- 
magnet the disc encounters greater resistance when 
the magnet is made than it does when the magnet 
is unmade. Such layers of condensed particles would 
prevent the north poles of two magnets, if they were 
brought together, from coming in contact ; and in 
■"this way the apparent repulsive action noticed be- 
Bitween the north poles of two magneta when they are 
brought together may perhaps be explained : though 
at the same time it is of course possible that the 
repulsive action may be really duo to repulsive force. 
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The action of a current flowing along a wire in 
exercising sometimes a repnlsive action npon a 
magnet brought near to the wire, can be explained 
on the assumption that the passage of the onrrent 
causes a condensed lajer of air partides to collect 
about the wire similar to the layers which fonn 
about pith balls or pieces of gold leaf when elec- 
trified, and that this lajer of particles interferes 
with a similar lajer formed about the magnet. We 
know that a copper wire through which a current 
is passing attracts iron filings in the same way 
that a magnet does ; and therefore there is a plain 
reason why such a layer of condensed air partides* 
as that indicated, should form about the wire ; there 
is also a plain reason why, when the circumstances 
are such that the layer of condensed air particles 
about the wire does not interfere with the layer of 
condensed particles about the magnet, the wire 
should attract the magnet just as it attracts iron 
filings. We know from Dr. Faraday's researches 
that a mass of matter placed between the poles of 
an electro-magnet, in such a way as to be free to 
swing, will place itself either axially, i.e. with its 
longer axis in the line joining the poles, or equa- 
torially, i.e. with its longer axis across or at right 
angles to the line joining the poles; and we also 
know that a substance, which when in one medium 
places itself axially, will in some cases, when in a 
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rerent medium, place itself equatorially {Grordon'a 
Physical Treatise on Electricity aad Magnetism," 
J. ii., p, 30). Hence it becomes apparent that the 
of matter places itself asially, when its par- 
ticles are able to transfer the force devQloped about 
the poles of the magnet better than the particles of 
the air or other medtnms in which the magnet and 
mass of matter are able to transfer force, and 
Oquatorially when its particles do not transfer the 
irce developed about the poles of the magnet so 
iWell as do the particles of the medium ; and when 
Oonsequently the maas of matter would, if it placed 
Staelf axially, interfere with the formation of con- 
[ensed layers of particles of the medium about the 
poles of the magnet in a manner which it does not 
if it is placed equatorially. We can therefore 
ideratand that the fact of a magnet when free to 
ig placing itself axially with reference to currents 
force developed upon the earth's surface, though 
It implies that the magnet is sensitive to the action 
of these force currents, no more implies any de- 
velopment of force within the magnet than does 
^^le fact of any other mass of matter placing itself 
^BFially between the poles of a magnet imply a 
^Bevelopment of force within that mass. 

92. The fact that heat weakens the action of a 
magnet and finally destroys all magnetic power can 
be explained on the assumption that the first eifect 
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of the application of heat to the magnet is to drive 
off the moisture upon which the action of the 
magnet depends ; just as, by driving ofE the mois- 
ture upon which the action of a dry pile depends, 
the apph' cation of heat to a dry pile such as Deluc's 
is found to destroy the action of the pile (Miller's 
^'Chemistry/' part i., p. 607). The secondary 
effect of the application of heat to a magnet may, 
when the heat is very great, be assumed to be to 
cause, by setting up a considerable amount of 
movement in the particles of the bar, a disarrange- 
ment of the pairs of particles on the correct arrange- 
ment of which the action of the bar as a magnet 
depends. When the pairs of particles have been 
disarranged in such a way that all the carbon par- 
ticles no longer face one way, but some face in one 
way and some in another, the action of one pair 
will interfere with the action of anc>ther, just as is 
the case in a bar before it is magnetized, and the 
bar will be found to have lost all its magnetism. 

93. We have seen that when a mass of iron is 
brought near to one of the poles of a magnet repulsive 
force passes from the iron to the magnet and com- 
pulsive force from the magnet to the iron. If the iron 
mass is in the form of a coil of insulated wire, a 
momentary current of compulsive force, going from 
the end nearest the magnet to the distant end of 
the coil, and of repulsive force, passing from the 
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distant end of the coil to tte end nearest to the mag- 
netj will be set up in the coil ; when the coil is 
removed from the magnet a similar current, but in 
the opposite direction, will pass along tlie wire^ aa 
the balance of forces no longer disturbed by the 
proximity of the magnet is restored. If the two 
ends of such a coil are connected by a wire, a cur- 
rent of force, consisting of compulsive force going 
in one direction and of repulsive force going in the 
opposite direction, will pass along the wire each 
time the coil is brought near to and taken »way 
irom one of the poles of a magnet. If some ar- 
■langement is adopted whereby the coil is for a 
■number of times in rapid ancceBaion presented to 
and removed from one of the poles of a magnet, 
and if then the currents set up in the coil in one 
direction only are taken, a current, intermittent 
indeed, but, in other respects, similar to the current 
obtained with a galvanic battery, or a frictional elec- 
tric machine, will thus be obtained from the magnet. 
94, We have already alluded to the action of 
force currents about the earth in causing a magnet, 
when able to swing freely, to take up always a par- 
ticular position ; and we may therefore now turn to 
the consideration of the phenomena connected with 
thermo-electricity, to which probably these force 
currents are due. 

We find then {Roscoe'a "Chemistry," vol. ii., part i., 
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p. 17) that the qaantity of heat required to raise the 
temperature of a given weight of iron through 1° is 
nearly four times as great as the quantity required 
to raise the temperature of the same weight of pla- 
tinum through 1°. And since when two bodies are 
brought into contact^ the fact of one of them 
appearing to be hot shows that the hot body is 
transferring repulsive force to the other; and the 
fact of one of the bodies, under the same cir- 
cumstances, appearing cold shows that the cold 
body is taking repulsive force from the other ; and 
since a high temperature in a mass of matter indi- 
cates that a large amount of repulsive force is stored 
about the particles of the mass ; and since repulsive 
force cannot be stored without the displacement to a 
corresponding amount of compulsive force, and the 
high temperature therefore indicates also that the 
body, though it has gained a large amount of repulsive 
force, has lost a correspondingly large amount of 
compulsive force, from its particles : we may assume 
that the fact that when two bodies are heated to 
the same extent and in the same way one is raised 
to a much higher temperature than the other indi- 
cates that particles of the one part more readily with 
compulsive force than do those of the other, and 
also that the one at the lower temperature has 
transferred to the particles of surrounding sub- 
stances a larger proportion of the repulsive force in 
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' the form of hoab it has received than the other haa 
le, whilst the one at the higher temperature has 
transferred a mnch larger proportiou of compulsive 
force than the other has done. 

And when then we find that a given weight of 
iron takes nearly four times as much heat to raise 
i.ita temperature through 1° that the same weight of 
vplatinnm takes, we may conclude that for a rise of 
.1° of temperature the particles of irou transfer 
«bout four times as much heat to the particles of 
.fanrrounding subatancea as those of platinum do ; 
but that, on the other hand, the particles of 
Jilatinum will transfer nearly four times aa much 
jdiaplaced compulsive force to the particles of 
■anrrounding subatancea aa the iron particles do. 

If then we take a bar of platinum and a bar of 
iron, and after uniting the bars together at one end 
and connecting the other ends of the bars together by 
a wire, proceed to heat the two bars at the point where 
thay are joined together, we may expect, from what 
we have already learnt in regard to the differeuce of 
effect produced by heat upon a bar of platinum and 

»a bar of iron, that compulsive force will pass along 
fixe wire from the platinum to the iron and repul- 
■ire force from the iron to the platinum, and that 
we shall get a current of electricity similar to the 
currents obtained with galvanic batteries and fric- 
tional electrical machines. Accordingly we find 
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that this is the case, and that a galvanometer placed 
in the circuit will indicate the passage of a current, 
just aa it does when placed in the circuit of a 
galvanic battery or frictiona! electric machine. The 
current, however, in the case of a thermo-electric 
pair is very much feebler than that obtained from 
a galvanic pair. 

IE we take two bars of any other metals which 
have a different capacity for retaining heat, and 
make the two up into a pair in the same way aa th» 
bars of platinum and iron were made up, we shall 
be able to obtiiin similar currents of electricity. 
And we can take several of these pairs and connect 
them together in the same order as the pairs of a 
galvanic battery are connected together and thns 
make up a thermo-electric battery. 

96. The surface of the earth, broken up as it is 
with masses of land and water, which differ from 
each other in their capacity for retaining heat, 
resembles a huge thermo-electric battery, in which 
the atmosphere tabes the place of the wires, and 
in which the junctions of the pairs of which the 
battery is made up are heated at the one end or 
pole, whether north or south of the earth, which for 
the time is turned to the sun, and cooled at the other 
which for the time is turned away from the sun, by 
the collection of ice or snow which takes place. 

96. We have thns seen that currents of electricity, 
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consisting of force of one kind passing in from one 
direction and of force of the opposite kind passing 
out in the opposite direction, are obtained from 
chemical force with a galvanic battery or with a 
■ magnet, from physical force with a frictional electric 
I machine, and from heat in a thermo-electric battery, 
' and thus to make the chain complete we have only to 
show that currents of electricity can be obtained 
from Light, And this has been done by Professor 
"W, G. Adams and Mr, Day, who have shown 
(Gordon's "Electricity and Magnetism," vol, ii., 
p. 266), witli light from different sources, that if 
platinnm wires are attached to the two ends of a 
piece of aeleQiura and the free enda of the ■wires are 
brought together, a current of electricity passes 
when one portion of the piece of selenium is illumi- 
minated. The direction of the current, when the 
junction of the platinum wire and the selenium is 
illuminated, is said to be from the selenium to the 
platinum, and we may hence perhaps conclude that 
the current represents displaced repulsive force 
passing from the selenium to the platinnm, and 
displaced compulsive force passing from the plati- 
num to the selenium. We are thus able to demon- 
strate completely tho correspondence which subsists 
electrically between all forms of force known to us, 
and to show that electricity represents essentially 
a transference of force. 



97. The action of condensers such as the Leyden 
jar and its raodificationB, in enabling a number of 
small charges to be stored up until a large charge 
has beon accumulated, is perfectly intelligible, 

98. The action also of induction coils can eaaily 
be nnderatood; for we have seen that with the gal- 
vanic battery repulsive force passes from the copper 
plate and from contiguous substances along the wire 
to the zinc plate, and that compulsive force pasaea 
along the same wire from the zinc plate to the 
copper plate and to contiguous aubatancea ; and if 
such a wire is made in the form of a coil in which a 
Inrge amount of surface is exposed to the air, it will 
clearly take a conBiderable amount of repulsive force 
from, and transfer a corresponding amount of com- 
pulsive force to, the particles of air in contact witi 
it ; if farther, another coil of insulated wire is slippfl^ 
over the first coil in such a way as not to be any- 
where in contact with the first coil, it is plain that 
the second coil will take the place of some of the 
particles of air from which the first coil before took 
repulsive force, and to which it transferred com- 
pulsive force, and that then the second coil, throngh 
the particles of air intervening between it and the 
first coil, will transfer repulsive force to, and receive 
compulsive force from, the first coil, just as, though 
more actively than, the particles of air which it 
replaced did; it is also plain that just as the two 
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; pass through the first coil in opposite direc- 
ions, so also will they pass in opposite directions 
jiigh the second coil ; and i£ therefore the two 
3 of the second coil are connected by two wires, 
\ momentary current will pass through these wires, 
aitil a state of force equilibrium in the first and 
scond coils is arrived at, in which state repnlsive 
e will be at a maximum at one end of the second 
il, and compulsive force at a masimnm at the 
other; so that if the second coil is suddenly removed 
from the neighbourhood of the first, andthe force 
equilibrium thus again diatarhed, another momentary 
*urrent will pass through the wires connecting the 
WO ends of the second coilj in the opposite direetioQ 
3 that in which the first current passed. Hence 
ich time the second coil is slipped on to and slipped 
EF the first coil, currents in opposite directiona will 
ircnlate throngh the second coil ; and if the second 
rapidly slipped on and off the first coil for a 
Jinmber of times in succession.a succession of cuiTents 
in opposite directions will traverse the wires connect- 
ing the two ends of the second coil. It is clear also 
that the same effect ^vill he attained if, in place of 
slipping the second coil on and off the first coil, the 
connexion between the first coil and the battery is 
rapidly made and broken for a number of times in 
succession, so that a current from the battery will 
momentarily circnlate and then cease to circulate 
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tlirough the first coil. We may assome tha£ die 
Kticond coil will net as &a aocumolator, so that the 
longbc it is the greater will be the amounc of force 
Htort^tl up in it, and the greater con^e^aeQtljr the 
iuteiiMty of the curreDt8 it is able to set ap. 

if we tako au additional wire, and connect ita ends 
with the wires of the coil when cnrrents in one 
direction are passing and disconnect the ends when 
CurrentH in the opposite direction are passing, we 
can ohtain currentii all in one direction from the 
second coil. 

If we Hepai-ate the wires connecting the two ends 
of the decond coil by a short interval, the effect will 
bo as it were to dam up or accumulate force of 
U|)pDHite kinds in the two wires, jnst as force of 
iippoKiUt kinds is accumulated in a Leyden jar, until 
tho ooiupulsive force in one of th^ wireci has so far 
OvndeiiHeil theair particles between the wires — mnch 
<hu Mimie way, as we have seen at paragraph 91, 
*ir jinrticles are coudeuaed about the poles of a 
■as to provide a i-oad by which the two forces 
Thus with an arrangement of this sort, 
Y nailed an induction coil, and which some- 
k in the case of Dr. Spottiswoode's great ooil, 
I out on a very large scale, sparks can be 
. many times longer than those which a 
^out such Hu arrangement is able to 
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99. We thus see that, on the one hand, with a 
galvanic battery or with a frictional electric machine 
we may obtain from force of any kind, whether 
chemical or physical) currents of electricity, from 
which — if we confine them to a narrow road, by 
making them at some point paaB through a short 
lengthof fine wire, or for a short distance paasacroaa 
a break filled with air or other gaseous particles, 
with which, owing to the smallness of the number 
of particles in a given volume in comparkon with 
the number of particles in the same volume of a 
solid, the road ia practically narrowed just as much 
as with a fine wire — we shall obtain a development 
of light or of heat, or of both (and it ia noticeable 
that the finer the wire, or the more attenuated the 
gas through which the current passes, the greater 
is the development of light and of heat with any 
current) ; or if by interposiog an electro- magnet in 
its path we furnish as it were at some point the 
current with a broad road, as explained in para- 
■graph 88, we shall obtain from the current a 
[development of force. 

On the other hand we can, as we have seen, by a 
thermo-electric battery, or with a piece of selenium 
with its ends connected by a platinum wire, obtain 
from hght and heat currents of electricity from 
which, although they are very weak in comparison 
with currents obtained in other ways, wa may, by 
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fumishitig them with a broad path by means of th^ 
electro-magnet, obtain a development of compulsir^ 
force, or by tbe Leyden jar as Dr. Quncke lia^ 
shown (Phil. Magazine, July, 1880, p. 30) we may 
obtain a development of expansive or repulsive force. 

We can therefore, by taking advantage of the 
fact that when force of one kind enters force of thft 
opposite kind is displaced, and utilizing either the 
incoming force or the outgoing displaced force 
according as force of tho one kind or of the other is 
required, convert at pleasure force of any descrip- 
tion into light or heat, or light or heat into force of 
either kind, and can thus show with almost absolute' 
certainty the connexion between light and heat and 
force of the two kinds, 

100. Since heat is most plainly identified with' 
expansive or repulsive force, we might, therefore, 
even were no other evidence to the fact forthcoming,' 
from a consideration of electrical phenomena alone 
with reasonable certainty identify light with com- 
pulsive force. But there is, as we have already 
seen, in chemistry, and as we shall see hereafter in 
physiology and astronomy, and in the conaidei^atioa 
of the physical properties of light and heat, a large 
amount of additional evidence to the same effect^ 
forthcoming. And if then any one should ask what 
is the nature of the Electric Light, we may reply^ 
with confidence that it is a development of precisely 
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force as that by which a man draws back 

an arm or a leg, or as that by which an apple is 

drawn to the earth when it is detached from the 

tree, or as that by which the enrth and the other 

planets are continua.lly drawn towards the snn and 

which is recognized by us as snnlightj or as that liy 

which the flame of a candle or that of a fire draws 

air to itself. The particular development of 

force by which the Electric Light is produced is 

the electric current which, as we have seen, can be 

obtained in great strength either with a, galvanic 

battery or a frictional electric machine.or from amag- 

net or electro-magnet, in the way explained in para- 

.graph 93, by ntilizing force of any kind to drive, for 

a number of times in rapid succession, a number of 

coils usually mounted upon a rotating cylinder, 

alternately near to and away from the magnet ; and 

thus combining, as it were, a current of the galvanic 

type from the magnet with a current of the frictional 

electric type from the force. Emissions of light are 

tbtained when currents set up in any of the above 

lya are confined to narrow roads. But with the 

.^pieto- electric current, in a measure, the steadi- 

sss of the galvanic is combined with the intensity 

'the frictional current; and this therefore is the 

form generally used for the Electric Light. By 

ling several sets of electro-magnets, and passing 

le current obtained from one set into a larger set 
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and so on, a cnrreat of great streDgth cao be 
ob tamed. 

If it should be objected that light cannot be the 
same as the compulsive force developed on a magnet 
or by friction on a glass tube or on a piece of sealing- 
wax, because some sabstances, such as glass, qaarti!, 
&c., are non-conductors of electrical force and yet 
allow rays of light to pass freely through them, we 
may point out that Faraday has shown that a body 
can be charged inductively with oiectric force more 
rapidly when u piece of glasa is placed between it 
ind the excited body from which the charge is 
received than it can if the glasa is removed, though 
the body cannot be charged inductively if an nnin- 
Bulated plate of metal is substituted for the piece of 
glass ; and that the natural inference from this is, that 
the piece of glass allows the rays of electric force 
tlins impinging perpendicularly on its surface to pass 
&eely through it just as it allows rays of light to 
paas frofly through it. This accords also with the 
fact that glasa allows rays of magnetic force which 
impinge perpeudicularly upon its surface to pass 
freely through. Glass is indeed a non-condnctor of 
fileotrical currents which travel in a direction parallel 
to its surface, but also it re6ects and refuses passage 
to rays of hght which are nearly parallel to its sur- 
face. Ilence glass treats light and electric force 
very much in the same way. 
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CHAPTER V. 

PHYSICAL PROPERTIES OP LIGHT AND HEAT. 

101. We may now pass to the consideration of the 
physical properties of light and heat, and endeavour 
to show how they can be explained consistently with 
the assumption that light represents compulsive and 
heat repulsive force ; so that we may be more sure 
of our ground before endeavouring to show in the 
subjects of physiology and mechanics how the 
oppositeness of the action of light and heat or 
of compulsive and repulsive force is turned to 
account in nature and art to build up animate 
bodies — just as we have seen already how the same 
fact is turned to account to build up inanimate 
masses and bodies — and to supply the wants both 
mental and physical of the living bodies when they 
have been built up. 

102. We find, then, that light and heat are very 
generally found together, and that they are radiated, 
transmitted, reflected, refracted, magnetized, and 
polarized in the same way; and we have now to 
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endeavour to explain how this is possible if light a 
heat respectively represent the compulsive and repi 
aive forces, which are not similar but opposite forcflsi 
"We shall see hereafter, that rays of compulsive 
force perceptible io the form of light rays ; 
always accompanied by rays of repulsive force ; 
sines the one force wherever it enters displaces t 
other, no impulse of either of the forces in all pro 
bability ia ever absolutely free from the company o 
the other force. Nevertheless, we have instant 
in which Oi-ganic substances, snch oo ucL».^iug. 
vegetable matter, or inorganic substances, anch a| 
quick-lime and pyrites, in decomposing emit a sea^ 
sible amount of heat unaccompanied by a visiblfl 
amount of light : in lite manner, we have inatancei 
in which organic substances, such as hah and woo^A 
or inorganic substances, such as phosphoms, em^ 
in decomposing a visible amount of light unaccoinl 
panied by a sensible amount of heat. I 

Again, we have cases iu which heated bodies whafl 
removed to a cold place contiuue for some time t^ 
radiate heat unaccompanied by a visible amount ofi 
light ; and in like manner we have cases in wbicM 
substances — such as luminous paint, Canton's (^ 
Baldwin's phosphorus, or Bologna stone, aM^ 
many others which have been found by M. Becquer^ 
{Miller's " Chemistry," vol. i.,p. 217} to possess ikof. 
property of phosphorescence — will, after they haw 
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been strongly i] laminated, continna for some time, 
when removed to a dark place, to radiate light 
unaccompanied by a sensible amount of heat. 

Hence so far we have parallel cases both for 
light and heat in confirmation of the view that 
the two are opposite and not identical in cha- 
racter. 

103. If we now turnback to Fig. 6,at p.SSweshall 
'haps be able to understand without much diffi- 
calty how light and heat rays, though opposite in 
character, can keep together, ao far as to be trans- 
mitted, reflected, refracted, and polarized in the 
aame way. For we may uotice that tiie shaded 
spaces which are supposed to represent, as shown 
in Fig, 5, approximately the spaces occupied in each 
particle by compulsive force, are contiguous in con- 
tiguous particles ; so that if we look at any two con- 
tiguous particles we find that the two shaded spaces 
of the one particle on the side nearest the other 
particle coincide with or exactly fit on to the two 
■responding shaded spaces in the corresponding 
nearest side of the other particle ; and since, as 
■^fined in paragraph 31, two shaded spaces in con- 
tinuation of each other between two contiguous par- 
ticle6 represent a bond of compulsive force linking 
particles together : we thus see that the 
n any pair of contiguous particles we may 
the crystal C^ig- G), whether we take them 
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lengthwise, brearlthwisej or depthwise, are linked 
together by two bonds of compulsive force ; and in 
the same way are kept apart by two struts of repul- 
sive force, which are represented by the unshaded 
spaces, and which intrude or intervene between ths 
two bonds of compnlsive force linking the two par- 
ticles together. 

If now instead of taking a single pair of particles 
we take three particles in a row in any direction, wa 
see that though the middle particle of the three is 
connected by two bonds of compulsive force with and 
separated by two struts of repulsive force from ths 
two particles on either side of it, yet that the two 
bonds of compulsive force connecting the middle 
particle with the particle on one side are not con- 
tiDuoua with the two boads coanectiog the middle 
particle with the particle on the other side of it, but 
the continuity of the two sets of bonds is broken in 
both cases by an intruding strut of repulsive force ; 
so that if an impulse or increment of compulsive force 
were to travel through the three particles by the 
bonds of compulsive force by which they are linked 
together, it would have at the central atom of each 
particle both to make a detour to get round the 
intruding stmt of repulsive force which by breaking 
the continuity of the bonds of compulsive force would 
block its onward progress, and at the same time to 
displace a portion of this intruding strut of repulsive 
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force, in order to get from one bond of compalaive 
force to another. So also we see that the struts of 
repulsive force separating the middle particle from 
the two particles on either side of it do not run con- 
tinuously through the three particlea, but the con- 
tinuity of the two Beta of struts is broken in both 
cases by the intrusion of a bond of compulsive force ; 
so that if an impulse or increment of repulsive force 
■were travelliag through these three particles by the 
struts of repulsive force separating them one from 
another, it would have to displace at the central 
atom of each particle a portionof the intruding bond 
of compulBivo force, and would have at the same 
time to make a detour in order to pass from one 
stmt of repulsive force to another. The fact that im- 
pulses of compulsive force do travel through masses 
by the bonds of compulsive force linking the par- 
ticles together, and repulsive force impulses by the 
struts of repulsive force holding the particles apart, 
seems to be clearly indicated, not only by the fact 
shown in paragraph 42, that when a bar — which, as 
we have seen at paragraph 1 1, may be looked upon 
as an aggregation of a number of rows of single par- 
ticles of the full length of the bar — is attached to a 
mass of matter able to transfer force impulses 
received from the bar, without motion, then impidses 
of force acting from a centre situated nearer to the 
&ee end of the bar than to the end attached to the 
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inAiM, in travelling to the mass of matter through 
the bar produce, if they are impulses of compulsiTO 
force tending to rend the bar from the mass, lateral 
contraction in the bar, showing that the bonds ol 
compulsive force linking the particles of the bar to 
tho masB have been contracted, and if they are ot 
ropalsive force, lateral expansion, showing that the 
HtrutM of repulsive force separating the particles of 
tho bar from those of the mass have expanded ; bet 
JH also nhown even yet more clearly in the mechanioal 
principle of the Lever, with which it is seen that a 
bar i» practically unable to transfer from one end to 
the other impulaea of force of either kind in a direc-J 
tion transverse to its length, or at right angles 
the direction in which the bonds or struts connecting! 
or separating its particles ran, though the same bar 
IH able to transfer similar impulses of force of both 
kinila in tho longitudinal direction, or in the same 
direction us that in which the bonds or struts con- 
VDOting or separiiting its particles run ; for we find 
tllftt just in proportion as the length of the bar 
increases does the portion transferred from one end 
to tlip other of a force applied tmnsversely to one end 
of the bar diminish, so that i£ two impulses are 
Applied transversely to a bar, one at the end and the 
other at the middle, \Wii twice aa much force will 
KMcli theother end -o^^^eWr h-om the force applied 
in tho middle as wipji.**"^^ '^ ^^ th,B force applied 
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at the end ; and if tlie two forces are acting in oppo- 
site directions, then the untransf erred portion of the 
force applied at the end will be bo great that it will 
be able to balance the comparatively small portion 
of force remaining nntransferred from a force twice 
as great applied at the middle. Hence we learn that 
impalsea of foroo can only travel in the direction, 
in which the bonds and struts connecting or sepa- 
rating the particles are arranged. 

I If now we isolate from the rest the row of three 
particles at which we have been looking, and which, 
jta we have seen, are held together each to each by 
nsnds of compulsive force, and kept apart one from 
fcother by struts o-i repulsive force, and look upon 
Hie three particles thus connected together in a row 
aa forming a bar, we shall — if we assume that im- 
pulses or increments of compulsive force travel only 
tiirough the bonds of compulsive force by which par- 
ticles are linked together — bo able to understand 
tow if an impulse of compulsive force in the shape 
of a ray of light impinges perpendicularly upon one 
end of the bar of three particles, that portion of the 
pay which falls on the shaded spaces, or spaces occu- 
Iroed by compulsive force in the envelope of the par- 
icle at the end on which the ray impinges (see 
. 7) will enter the particle, whilst that portion of 
ray which falls upon the unshaded spaces, repre- 
.ting spaces occupied by repulsive force, will fail 
N 2 
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compulsive force bonds eonnecting the particles — 
which bonds, as we hare seen, do not run con- 
tinuously through from one pair of particles to 
another — bend round to avoid the repalsive force 
strut which bara its onward progress in a straight 
line, and follow, as we may assume, some such 
direction as that indicated by the dotted line aaa a 
in Fig, 7. Ou reaching the central atom of the nest 
particle the ray must again bend, to avoid the re- 
pulsive force strut which again bars progress in a 
straight line ; and now the bend is in the opposite 
direction to the previous one, and the ray, following 
Bfi we assume some such direction as that indicated 
by the dotted line, gets back into the lioe it 'vr&s 
following when it entered the top particle of the 
bar. When the ray reaches the central atom of the 
Best particle it again bends back in the same way 
as with the first particle; and thus it proceeds right 
through the bar, following a wavy or undulating 
track, as indicated by the dotted line a a a. am 



If the whole or the greater part of the ray which 
pinges upon the top of the bar passes straight 
through the bar, and after it emerges from the bar 
moves on in the same direction as it was moving 
when it entered the bar, the material of the bar is 
said to be transparent ; and in this way glass is 
transparent. If the ray, or the greater part of it. 
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after it enters the bar is twisted and soatteradj so 
that when it emerges from the bar it is broken np 
and dispersed in different directions, the matofial of 
the bar is said to be opaqne ; thns a metal, aoeh •■ 
copper, or iron, or gold, is opaque. And *we ohl 
easily understand h.ow it happens tfaak most sub- 
stances are more or less opaque ; for if we torn back 
to Fig. 6 we shall see at once that e^en when tlie 
particles are arranged with perfect symmetry a ray 
when it enters a fresh substance has, owing to the 
way particles are linked together, a number of 
roads open to it by which to travel throngh, and 
must inevitably scatter a good deal even under the 
most favourable circumstances^ one part going by 
one road and one part by another; but^hen^as 
must generally be the case^ the particles are not 
arranged with perfect symmetry, the ray has but a 
very small chance of passing through unaltered; 
thus we find that even glass, if its particles are 
twisted or distorted, is no longer perfectly trans- 
parent, and if one of its surfaces is roughened, or, 
as it is termed, ground, the ray is so much scattered 
on emerging that the glass becomes semi-opaque. 
On the other hand, we learn that even such opaqne 
substances as gold and silver are not perfectly 
opaque ; for Faraday has shown that a very fine 
film of gold, of the estimated thickness of j^sg of 
an inch, is translucent and transmits green light, 
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and. if heated has the arrangement of its particles so 
nearly rendered symmetrical that it is able then to 
transmit white light, or light which is almost white ; 
also that a fine film of silver when strongly heated 
has the arrangement of its particles so far modified 
that it becomes translucent (" B.esearchea in Che- 
mistry and Physics," p. 393). And we thus learn 
that a ray of light, or at least a considerable portion 
of it, is able to find its way through the first two or 
three layers of particles on the surface even of so 
opaque a substance as a mass of gold, and gets 
^adually scattered or turned back as it endeavours 
to penetrate more deeply into the mass. 

If in the same way we follow a ray of heat, which 

travels by the struts of repulsive force by which 

particles are separated one from another, we shall 

see that the ray of heat will have to make a bend 

at each central atom to pass round the bonds of 

compulsive force which block the way, just as the 

ray of light has, as we have seen, to make a bend at 

each central atom to avoid the stmts of repolaive 

force which block the way ; and thus the path of 

J the heat ray will be a wavy or undulating one, 

wimilar to that of the light ray, and following, as we 

*.<1tiay assume, some such direction as that indicated 

by the dotted line bbbbb in Fig. 7. The bends 

which the heat ray makes will be in the opposite 

direction to those the light ray makes, supposing 
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both rays to pass into the bar by the same side of 
the same particle. 

From the explanation of transparency and opacitj 
given in the case of light rays we shall readily 
understand how substances may be transparent or 
opaque to heat rays ; also how some substances are 
transparent or opaque to rays of both light and 
heat; whilst other substances are transparent to 
rays of one kind and opaque to rays of the other 
kind. 

We thus see that light and heat if they repre- 
sent respectively compulsive and repulsive force 
must necessarily be transmitted and reflected in the 
same way ; and the fact of their coming together 
from the same direction as we see they so often do, 
is no proof therefore that they represent the same 
force. 

104. We may therefore now proceed to the 
study of the Polarization of Light and Heat rays. 
We have seen then that when a ray of light im- 
pinges perpendicularly upon a body the portion of 
the ray which impinges upon the spaces in the 
surface particles of the body occupied by compul- 
sive force (shown by the shaded spaces in Figs. 6 
and 7) will enter the particle, whilst that portion 
which impinges upon the spaces occupied by repul- 
sive force (shown by the unshaded spaces in Figs. 6 
and 7) will be turned back or reflected ; and that 
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the portion of the ray which enters the body will 
pass on through it by the compulsive force bonds 
which connect the particles of the body together, 
and will finally emerge from the body through the 
compulsive force spaces in the particles at the sur- 
face of the body opposite to that at which the ray 
entered. So also we have seen that when a ray of 
heat impinges upon a body the portion of the ray 
which impinges upon the spaces in the surface 
particles of the body occupied by repulsive force 
will enter the body, whilst the portiou falling upon 1 
the spaces occupied by compulsive force will 1 
I turned back or reflected. We have seen also that 
\ the portion of the ray of heat which enters the body 
passes through it by the repulsive force struts 
which keep the particles of the body apart, and 
finally emerges from the body through the spaces 
occupied by repulsive force in the particles at the 
surface of the body opposite to that at which the 
ray entered. But if now^ we turn once more to Fig. 
; p. 5Dj we shall be able to see at once that if we 
mve two precisely similar crystals, of the form 
1 in Fig. 6, of the same material and under 
ihe same temperature and pressure, and therefore 
laving not only the same number of particles ar- 
L the same way in each of their sides, but 
Iso having the shaded and unshaded spaces on the 
ice of each side equal in area, and so arranged 
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that for every shaded space which there may be on 
the surface of any one side there wiU be a corre- 
sponding shaded space of the same size and in the 
same relative situation on the surface of every other 
side^ and also for every unshaded «pace which there 
may be on the surface of any one side there will be 
corresponding unshaded space of the same size and 
in the same relative situation on the surface of every 
other side ; and if we place one crystal upon the 
other^ so that the under face of the one exactly 
covers the upper face of the other, — ^then either 
each shaded space in the under surface of the upper 
crystal will exactly cover a shaded space in the 
upper surface of the lower crystal, and each un- 
shaded space in the under surface of the upper 
crystal an unshaded space in the upper surface of 
the lower crystal, or else each shaded space in the 
under surface of the upper crystal will cover an 
unshaded space in the upper surface of the lower 
crystal, and each unshaded space will cover a shaded 
space. We shall see this more clearly perhaps by 
looking at Figs. 8 and 9 ; for if A be a particle in 
the under surface of the upper crystal, and B a 
particle in the upper surface of the lower crystal, 
then it is clear that, if the two faces of the crystals 
exactly coincide, either the particles will be disposed 
so that the shaded and unshaded spaces of the one 
respectively cover the shaded and unshaded spaces 
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T, as in Pig. 8, or else the particles will be 
tliat the shaded spaces of the one cover 
the unshaded spaces in the other, and the un- 
shaded the shaded spaces, as in Fig. 9. It will also 
be clear that if while the crystals are arranged in the 
way indicated by Fig. 8, or with shaded space 
covering shaded space, one of the crystals is turned 
through an angle of 90°, then the arrangement will 
be that indicated in Fig. 9, or shaded space will 
cover tmshaded space ; but if the same crystal is 
turned through a further angle of 90'', then the 
arrangement indicated in Fig. 8 will he reverted to, 
r or shaded space will cover shaded apace. 
I If DOW after the two crystala have been thus 
placed one upon the other a ray of light should im- 
pinge perpendicularly upon the upper surface of the 
upper crystal, in such a way that a portion of the 
ray, after entering the crystal through the shaded 
spaces, or spaces occupied by compulsive force in 
the surface particles, passes through it hy the bonds 
mpulsiye force connecting the particles in the 
► way already described, it is clear that on emerging 
■ finm the crystal through the shaded spaces in the 
JpBTticlesof the under surface the ray will,if theehaded 
lapaces in the under surface of the upper crystal 
■■■exactly cover, as in Fig. 8, the shaded spaces in the 
[pper surface of the lower crystal, fiud a clear road 
K)en to it into the lower crystal through the shaded 
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spaces in the upper surface of the under crystal, 
and the whole will pass into and thron^li the lower 
crystal just as if the lower crystal were an integral 
part of the upper ; but if, on the other hand, the 
shaded spaces in the under surface of the upper 
crystal cover unshaded spaces or spaces occupied by 
repulsive force in the upper surface of the lower 
crystal, as in Fig. 9, it is clear that then the ray on 
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emerging from the upper crystal will find its further 
progress stopped by the unshaded spaces, or spaces 
occupied by repulsive force lying immediately in its 
path, and blocking further progress, and the whole 
of the ray will be turned back or reflected. 

But we have already seen that if, when the arrange- 
ment of the surface particles of the crystals is that 
indicated in Fig. 8, with which shaded space covers 
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shaded space, and a ray which euters at the upper 
surface of the upper crystal, ia able to pass right 
through both crystals, one of the crystals is turned 
through an angle of 90°, then the aiTaiigement of 
the surface particles will be that indicated ia Fig, 9, 
in which shaded space covers unshaded space, and a 
ray which enters the upper surface of the upper 
particle will be turned back or reflocbed at the 
upper surface of the lower particle, and none of it 
get through both crystals ; aiso, we have seen that 
if the same crystal be then turned through a further 
angle of 90°, the arrangement of the surface particles 
indicated in Pig. 8 will be reverted to, and shaded 
space will once more cover shaded space, aad a ray 
entering the upper surface of the top particle will 
pass right through both particles. 

But we have here a clear explanation of the fun- 
damental experiment on which the theory of the 
polarization of light is founded, namely, that in 
which a ray of light which passes through two 
similar plates of tourmaline when they are arranged 
in a particular position, is shown to be unable to 
pass through the two plates when one of them ia 
turned through an angle of 90° so as to set the 
plates crosswise, but is again able to pass if the 
same plats ia turned through a further angle of 90°; 
for i£ we assume that when the two plates of 
_tourmaline are so arranged that a ray of light 
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paseeR freelj tlirongh thein, the particles at: the op« 
poeite Barfacea of the two plates are in the 1 
position relatively to each other as the two particles 
in Fig. 8, it is clear that if then one plate is tnmed 
through an angle of 90° the particles at the op- 
posite surfaces of the two plates of tonrmaline wiH 
be bronght in the same position relatively to ead 
other as are the particles in Fig. 9, and that any 
ray of light which may find its way throngh tba 
first plate will, as we have seen, impinge apon and 
be turned back by the spaces occupied by repulsiye 
frirco in the particles at the snrface of the second 
pinto, and 90 no rays will pass through the two 
platoa ; also, that if then the plate which has been 
turned through an angle of 90° is further tamed 
through another angle of 90°, the particles at the 
Opposite surfaces of the two plates of tourmaline 
Tfil] be once more in the same position relatively to 
VCfaotheras are the particles in Fig. 8,andanyray 
>f light which may find its way through the first 

1 will impinge upon and findaclear road through 
lnK-i-9 dccupied by compulsive force in the par- 
at the surface of the second plate, and so rays 
t will once more pass through the two plates. 
\ iro can also explain in the same way the 

f eotperiraents exhibit-od in connexion with the 
Mtion of light ; for if when two crystals of the 

itliown iu Fig. t3 are placed one upon the other 
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in sacli a way tt&t in the particles of tte surfaces 
in contact shaded space covers unshaded space, in 
the way shown in Fig. 9, and in consequence rays 
of light which find their way through the top 
crystal are turned back or reflected at the surface of 
the under crystal and are unable to pass through 
both crystals, a thin sheet of mica or some other 
substance is slipped between the two crystals, it is 
clear that, owing to the particles of the mica being 
of a different size and differently arranged from the 
particles of the crystal, the shaded spaces, or spaces 
occupied by compulsive force in the under surface 
of the upper crystal, win partly cover shaded and 
partly cover unshaded spaces in the upper surface 
of the sheet of mica, and similarly the shaded spaces 
in the under surface of the sheet of mica will partly 
cover shaded and partly cover unshaded spaces in 
the upper surface of the lower crystal ; and hence it 
is clear that if a ray of light passes through the top 
crystal and reaches the sheet of mica, a portion of 
^4Iie ray will, on emerging from the top crystal, im- 
B-pinge upon a shaded space in the upper surface of 
8ie sheet of mica, and will pass through the mica; 
ind that a portion of that part of the ray which 
bda its way through the mica will impinge upon a 
shaded space in the upper surface of the lower 
crystal, and will thus pass through the lower crystal 
also, although without the mica it would be im- 
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possible for any portion of a ray to get throngl 
two crystals. But in this way, clearly, we m^y 
explain another of the fundamental experiments in 
connexion with the theory of the polarization of 
lightj with which the introduction of a him of mica, 
or some other substance, between the crossed plates 
of tourmaline through which in the ordinary way 
no rays of light can pass, suffices to enable some 
rays to get through both the tourmalines, throng^ 
which no rays could pass before. 

In paragraph 103 we endeavonred to follow and 
track the path of that portion of a ray of hght 
which by impingiug upon the shaded apacaaj or 
spaces occupied by compulsive force, in the bot&oo 
of a crystal of the form shown in Fig. 6, passed into 
the crystal ; if we now endeavour to track the path 
of that portion of the same ray which, owing to its 
impinging upon the unshaded spaces, or spaces 
occupied by repulsive forue, in the surface of tlw 
crystal, is reflected and turned back, we shall have 
little diflSculty in understanding how — if the portion 
of the ray thus reflected from the shaded spaces M 
the surface of the crystal should subsequently im- 
pinge perpendicularly upon the surface of anothw 
crystal precisely similar to the crystal from which it 
was reflected, but disposed in such a way that, if the 
surface from which the ray was reflected and that 
upon which it subsequently impinges were brouglit 
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close together, the unshaded spaces of the surface 
from which the ray was reflected would be exactly 
covered by the shaded spaces of the surface upon 
which the ray impinges — every portion of the reflected 
part of the ray must then impinge upon a shaded 
space on the surface of the other crystal, and so 
impinging the whole of it would enter and pass 
through the second crystal, and no portion of it 
would be reflected. But in this way, clearly, we 
can explain another of the fundamental experiments 
shown in connexion with the theory of the polari- 
zation of light, with which a beam of light after it 
has been reflected is enabled so to impinge upon a 
plate of glass as that the whole of the beam shall be 
enabled to pass into the glass, and none of it be 
again reflected. The fact that with this experiment 
the beam before it passes into the glass is reflected 
at a certain angle, and not perpendicularly, does not 
materially afiect the case \ for we can understand that 
if, as will genei'ally, if not always, be the case with a 
solid, the shaded spaces, or spaces occupied by com- 
pulsive force, are greater than the unshaded spaces, or 
spaces occupied by repulsive force, the efiect of 
causing a beam of light to impinge upon the surface 
of any solid at an angle less than a right angle will 
be to contract, so as to speak, the roadway open to 
the beam through the solid, and thus, by causing a 
greater proportion of the beam to be reflected, to 
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equalize in effect more nearly tlie shaded and nn- 
shaded spaces. 

We have thus explained the principal experiments 
which^ with various modifications^ are asnally ex- 
hibited in connexion with the theory of the Polari- 
zation of light. But it is perfectly clear that if 
repulsive force is substituted for compulsive force 
as the medium through which the rays travel^ and 
compulsive for repulsive force as the medium by 
which the rays are reflected^ the same explanation 
exactly will apply to the case of heat rays, just as 
well as to light rays \ and when, then, we find that 
light and heat rays can both alike be polarized, and 
that the same experiments can be used with radiant 
heat rays to show the Polarization of heat (Tyn- 
dall on *^ Light/' pp. 183 — 185) as are used with 
light rays to show the polarization of light, onr 
confidence in the accuracy of the explanation is in- 
creased. 

We have thus found in the fact that both light 
and heat rays are transmitted, reflected, and 
polarized in the same way, proof of the accuracy of 
the view that light represents compulsive, and heat 
repulsive force. We may now pass on to study 
Refraction and Diffraction. 

105. The assumption (TyndaU on "Light,'' p. 1 10) 
that the refraction — or change of direction which a 
beam of light always undergoes when passing from 
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one medium into another of differeat density, pm- 
vided tliat tbe direction of tte beam is not perpen- 
dicalar to the surface at which tbe transition takea 
place — is due to the rays on one side of the beam 
being retarded, owing either to their reaching 
sooner the surface of a substance in which the I'ay 
travels at a lower velocity than it does in the other 
sabataDcej or to their emerging from a substance in 
which they travel at a low velocity later than the 
rays in the other side of the beam do, and to the 
other side of the beam in consequence swinging 
round towards the retarded side, seems to imply 
a certain amount of coherence between the rays or 
opposite sides of the rays of which the beam is made 
up. And though a bar of any solid material, owing 
kto the coherence of its particles, would, no doubt, 
■swing round if one side of it were moving faster than 
the other, we have apparently no proof that the rays 
or opposite sides of the rays of which a beam of 
light is made up have sufficient coherence between 
.themselves to rotate the beam or the rays if one 
tde is moving faster than the other. We there- 
's feel compelled to see if any other explanation 
Befraction can be found. 

If, then, we turn once more to Fig, 6, it will be 
apparent that, if a ray of light or of heat impinges 
perpendicularly upon the surface of a body in which, 
as in the crystal shown in Fig. G, the particles are 
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fiefc perpendicularly to the surface, and enters tie 
bodj-j that the ray in passing through the body will 
compress or expand, as the case may be, the par- 
ticles in one direction only, but if the direction of tlie 
ray instead of being perpendicular to the surface is 
inclined at an angle to it, the compression or es- 
pansion, aa the case may be, must take place in two 
directions, at right angles to each other, one being 
perpendicular and the other parallel to the surface. 
And we may perhaps obtain practical proof tliat 
this, or the converse of this, is the ciise ; for if wb 
half fill a plain nucut glass tumbler with water, and 
then hold a cherry or some other small frait by its 
stalk in such a way that the fruit is immersed tB 
the depth of about an inch in the water in the 
middle of the tumbler, we shall, if we look sideways 
down at the cherry in such a way that a straight 
line drawn from the cherry to the eye will be in- 
clined at an angle of about forty -five degrees both to 
the surface of the water and to the side of the tum- 
bler, see two cherries, one plainly produced by a 
ray which is propagated, by a compression of the 
particles in a direction perpendicular to the surfaca 
of the water, and the other by a ray propagated by 
a compression of the particles in a direction perpen- 
dicular to that of the other ray, or parallel to the 
surface of the water, and both rays reaching the 
eye by the refraction, or beudiug in a direction awoj 
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From the perpendicular, whicli occurs when the ray 
passes into the air. 

If then, after traversing a medium in which the 
particles are able to oflFer just as much resistance 
to a force tending to compress them in one direc- 
tion as in another, a ray of light passes into another 
substance in which the particles are able to offer 
more resistance to a force tending to compress 
tliem, in a direction parallel to the surface than in a 
direction perpendicular to the surface, it will be 
plain that, if the ray impinges upon the surface of 
this substance in such a way that its direction is 
not perpendicular to the surface, and that it must, if 
it enters the body, compress the particles of the 
substance in two directions — viz., one perpendicular, 
and one parallel to the surface, — then the ray must 
be bent towards the direction in which it meets 
with the least resistance, and consequently towards 
a direction perpendiculap to the surface. And if 
after passing through this substance in which, owing 
to the resistance to compression being greater in a 
direction parallel to the surface than in a direction 
perpendicular to the surface, the ray is bent towards 
a direction perpendicular to the surface, the ray 
emerges into another substance, in which the par- 
ticles are able to offer more resistance in a direction 
perpendicular to the surface than they are in a 
direction parallel to the surface to a force tending 



to comprees them, it is plain that the ray, if tl 
surface at which it emerges is parallel to that e 
which it entered, will now be bent away from tbi 
direction perpendicular to the surface, instead of 
towards it as before. In this way we may explain 
in a simple way why a ray whioh passes from a less 
refracting iato a more refracting medium, when its 
direction is not perpendicular to the surface at 
which it enters the new medium is bent towards a 
direction perpendicular to that surface ; and if it 
passes in tho same way from a more refracting to ft 
less refracting medium, it is bent away from a 
direction perpendicular to that surface. If Wfl 
suppose that in air particlea about a solid or liquid 
surface the resistance to compression is greater ia 
the perpendicular than in the parallel direction— 
as it well may be since a film of the particles moat 
be more or less flattened out ; and that in ft 
piece of glass the resistance to compression is 
greater in a direction parallel to the surface than it 
is in a direction perpendicular to the surface — as it 
well may be, seeing that a sheet of glass, as already 
pointed out in paragraph 100, though it allows hotli 
rays of light and of electrical force 'which impinge 
perpendicularly upon its surface to pass through 
refuses passage to and turns back rays both of hght 
and of electrical force which are parallel or neariy 
parallel to its surface, — it will be plain that a ray rf 
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Kflit passing from air into glass when the direction 
;be ray is uot perpendieiilar to the sm-face of the 
js, will be heut towards a direction perpendicular 
,t surface ; similarly, if the ray passes from glass 
) air when its direction is not perpendicular to 
I surface of the glass, it will be bent away from 
I perpendicular. In a similar way we may ex- 
plain how refraction occurs with other enbstajicea 
also. These are the ordinary facts connected with 
RefractioDj and they serve, as we may plainly see, 
to give UB an insight into the structure of sub- 
stances. 

It is plain that heat rajs can be refracted in 
precisely the same way that light rays are refracted j 
*ld accordingly we find light and heat rays brought 
* tie same focus with a lens, by Refi'action, 
30(i. "We have seen that Be fraction occurs, with a 
^tstance in which the particles are able to oSer a 
^'^ater amount of resistance to compression in one 
'^■eofcion than in another, when a ray of light enters 
*0 substance from a direction which is not per- 
b<:3£c;iaiar to the surface, and when in consequence 
jM'£*'y in passing through must cause compression 
J^.^ laarticlea in the two directions in which their 
-*^:*r of resisting compression is dissimilar. But 
'^^ "tTim again to Fig. t), we shall see that, since 
^^ ^r© three axes to a particle, that the particles 
icsli a crystal is built up may be so constituted 
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that their power of resisting compression may differ 
in three directions — or in other wgrds, lengthwise 
breadthwise, and depthwise the power of the par-- 
tides to resist compression maybe different; andwO 
sBall see also that the direction of a ray may be so 
iuclined to the surface of a crystal that in order to 
pass through the crystal it must compress the par- 
ticles in three directions. And it is easy then to see 
that if pai'ticlea have in each of the three direc- 
tions in which a ray compresses them, a different 
power of resisting compression, the ray mnst be 
refracted in two directions, or nndergo double re- 
fraction, as it is called, dividing into two separate 
rays, which will each of them produco an image of 
the object from which the rays proceed; just as ia 
the esperimeat with a cherry enspended io a glasa 
tumbler half full of water, we saw that the rays 
from the cherry divided in such a way that one part 
reached the eye by refraction from the surface of 
the water and the other pai't reached the eye by 
refraction from the side, and two images of tha 
cherry were in consequence formed. 

If this is the right explanation of Double Refrac- 
tion, it is plain that heat rays as well as light rays 
can undergo double refraction j and we shall not 
then be surprised to learn that the double refraction 
of heat can be experimentally demonstrated (Tyndall 
on "Light," p. 186). 
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107. Passing now to Diffraction, we shall easily 
see that if a ray of light represents compulsive 
force and a ray of heat repulsive force, a ray of 
light or of heat will have to open a passage for 
itself by displacing a sufficient amount of the oppo- 
site force, just as we have seen in paragraph 42, 
that other efforts or impulses of force have to open 
passages for themselves. But since a ray of light 
must produce conipressiouj and a ray of heat must 
produce expansion, it is also plain that rays of light 
and of heat cannot pass together into the same 
particle, hut one must follow tho other, a compressive 
iphase succeeding an expansive one, or an expansive 
k compressive one ; and if, owing to the paths of two 
tays crossing, the expansive and the compressive 
phases of two separate rays reach the same par- 
F"ticle at the same time, the two rays will obliterate 
each other entirely if their paths are nearly parallel, 
or, otherwise, partially. Hence, if tho paths of two 
rays starting — so that one is half a wave's length, or 
^ny number of half waves' lengths, behind the other 
»— from points close together, cross each other at some 
Hsstance from the points from which the rays start, 
^Hte rays will ohHterate each other, compression 
^HtntraJizing expansion. Whilst if the rays under 
^UB same circumstances start evenly, or with one a 
Bfliole or any number of whole waves' lengths behind 
BMfcjp!J^etj the rays wilt intensify each other, com- 
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presaiou being superadded upon compression aiwij 
expansion upon expansion. In this way it is posait* ^j 
to explain all interference and diffraction phenomex 
with which fringes are formed when one set ' 
waves cross the path of another set ; since fring"' 
indicate by the dark spaces in them the points whe: 
rays, starting half or any number of ha.lf wavS^ 
lengths behind other rays, cross the paths of thosO} 
rays, and, by the bright spaces, the points whe: 
one set of rays is a full or any number of full waveS^ 
lengths behind the other set 

108. With regard to the Magnetization of lightj 
we have seen that a magnet takes repulsive forcs 
from, and communicatea compulsive force to, tli9 
particles of substances which come under its in- 
fluence, and thus ppoducea compression in the 
particles towards the pole of the magnet, Heucej 
if a ray of light or of heat passes in a directioa 
transverse to the poles of the magnet— through 
any substance which at the time is strongly acted 
upon by a magnet, it is clear that the ray will 
bo bent or distorted in passing through the sub- , 
stance whose particles are thus compressed and 
bent round the poles. We find accordingly that 
rays of light and heat can both be magnetized 
(Tyndall on "'Light," pp. 145 and 187). 

109. Passing now to the consideration of the 
subject of spectrum analysis, we may notice first 
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that the opposite anrfaces of prisms are not parallel 

to each other, and hencEi that there are two ways in 

which the particlea in a prism may be uniformly 

arranged, namely, either in rows not perpendioular 

to the surfaces bat continuous right through the 

prism, or in rows perpendicular to the surfaces 

and not continoous through the prism. We may 

notice also that if the particles are arranged in con- 

tiououa rows which ai'e not perpendicular to the 

^jsarfaces, then the exposed ends of the sur- 

loe particles cannot be squai'e to the rows, or if 

, must in cross section project one beyond 

i other in a series of steps, so that a portion of 

B aide, as well as the end of each surface particle, 

11 be exposed. 

Now we know that when the surface of a piece 

glass is roughened, or scratched, images of 

objects are not discernible through such a piece of 

, owing, plainly, to the particlea of the glass 

% tiie roughened surface being in contact with a 

iber of air particles than the particles of 

femooth surface are, and to the rays of light which 

je at the roughened surface in consequence 

g, and scattering over, a great number of 

. And it is clear that if, in a prism, either the 

1 of the surface particles are not square to the 

1, or if they are arranged in steps up the sur- 

B 80 that a portion of one side as well as of the 
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end of each of the snr&oe particles is exposed, then 
the BorfSsuse particles in either case will be in contact 
with a greater number of air particles than thej 
would be if their ends were square with the rows 
and all level one with another; and therefore any 
rays of light which pass through such a prism will, 
on emerging, find a greater number of roEtds open 
to them than they would find li the ends of the 
particles were square with the rows and all level 

I 

one with another, and will therefore to some extent 
scatter, though they will, since the particles at the 
surface of the prism are uniformly arranged, scatter 
uniformly, and not irregularly as do rays of light 
which emerge from the surface of roughened glass. 

It is clear, also, that, if the particles in a prism are 
arranged in rows perpendicular to the surfaces, and 
not continuous through the prism, rays of light 
which pass through the prism will, on passing from 
one row of particles into another, find more roads 
open to them than they would find if the rows were 
continuous, and will scatter. 

We thus see, theoretically, the extreme probability 
that rays in a beam of light will scatter if the beam 
passes through a prism : and we find in practice 
that when a beam of sunlight is passed through a 
prism the rays so far scatter as to produce a spec- 
trum very much wider than the original beam, and 
made up of a series of differently coloured bands of 
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ligbtj of which tliQ first is a red baud, the next an 
orauge one, the next yellow, the next green, the 
next blue, the next indigo, and the last violeb. Now 
we leam in regard to the spectrum, as Professor 
Stokes first showed, that when the spectrum is 
allowed to fall on certain suhstances a band of 
coloured rays, called the ultra violet raya, becomes 
visible beyond the violeb band which is ordinarily 
seen ; and also that under similar circumstances a 
band of ultra red rays is sometimes visible beyond 
the red band which is ordinarily seen. Further, we 
learn that if the temperature of the spectrum is 
examined it is found to be, as Herschel first showed, 
lowest in the violeb portion of the spectrum and 
I the ultra red, gradually rising from the 

fTiolet to the red, and reaching a maximutn at a 
yoint some distance beyond the visible red end of 
the spectrum. We learn also that if the chemical 
activity in bringing about the combination of gases 
of the raya at different parts of the spectrum is 
examined, it is found to be least of all in the red, and 
greatest in the ultra violet portion of the spectrum, 
^^^jfldually rising until it reaches a maximum at a 
^Huoint some dSstanco beyond the violet end of the 
^Hnsible spectrum. We have already seen that chemi- 
^^^»1 activity is due to compulsive force, aud if then 
light rays, as impulses of compulsive force, pass, as 
jBtated ia paragraph 108, by the bonds of compulaire 
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force which h'nk particles together and therefore 
through different roads from those by which heafc 
rays, as impulses of repulsive force travelling by the 
repulsive force struts which separate particles one 
from another, pass, we can without much difficulty 
niidorstand that the scattering or dispersive effect of 
tho prism may be so far different in the two cases 
ns to accumulate rays of one kind at one end, and 
rays of tho other kind at the other end of the spec- 
trum. But hero our attention will be arrested by 
tlio fact that this separation or differentiation of the 
two kinds of rays is attended by a gradual change 
of colour in tho spectrum, so that at the end where 
the temperature is greatest and chemical activity is 
loast tho colour is red, and at the end where the 
chemical activity is greatest and temperature least 
the colour is violet : and if now for chemical activity 
we substitute compulsive force, and for heat repulsive 
force, we shall thus have violet rays representing 
waves propagated by a large amount of compulsive 
attended by a small amount of repulsive force, and 
rod rays representing vsraves propagated by a smaller 
amount of compulsive attended by a larger amount 
of repulsive force ; also yellow rays from the middle 
of the spectrum, intermediate between the red and 
the violet, representir^g waves in which the amounts 
^f t>- -o forces are intermediate between the 
a ^^*®tand red rays. 
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In dealing with Diffraction we have seen in 
paragraph 107 that light and heat impulses, since 
the one produce compreasioa and the other expan- 
sion, cannot travel together through the same par- 
ticle, and that one must follow the other. Wa 
can therefore nudei'stand that if in a ray the amonnt 
of compulsive force is great and the amount of 
repulsive force is small, the periods of compression 
in the particles through which the ray travels will 
be long and the periods of expansion short ; and 
that if the amount of repnlsive force is great and 
the amount of compulsive force small, the periods of 
I expansion will be long and the periods of compres- 
VfHon short. HeucCj in the passage of violet rays the 
I jjhases of compression will be long, and the phases 
lof expansion short, and in the passage of red rays 
lases of expansion will be longer, and phases of 
Wmpression short-er; whilst in yellow rays the 
iKf^ses will be intermediate between those of the 
iier two rays. Hence, if we' assume that rays of 
white light represent the greatest amount of com- 
olsive force which the eye is capable of appre- 
lating, attended by, comparatively speaking, a very 
ferge amount of repnlsive force, we shall bo able to 
idorstand how it is possible for white hght to be 
jcomposed in a prism into a spectrum of different 
rs, by the greater part of the compulsive force 
: the white rays being relegated to the violet end, 
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and the greater part of the repulsive force to the red 
end of the spectrum. 

Since, a portion of each ray, whether of light or 
of heat, which impinges upon the surface of any 
substance is usually reflected by the particles at or 
near the surface ; and since out of the remaining 
portion which enters the substance a part is some- 
times absorbed in the work of promoting changes 
in chemical combination, and a portion of the 
opposite force displaced by it given in exchange 
and another part scattered, it will not be difficult to 
understand how, by reflecting or absorbing or 
scattering a greater proportion offeree of one kind 
than they do of the other, masses of matter can 
effect changes in the colour of the rays of light they 
transmit or radiate. Hence also we can understand 
how, by reflecting more repulsive force or less com- 
pulsive force than substances ordinarily do, it is 
possible for some substances, such as sulphate of 
quinine, so to draw out, by increasing the pro- 
portion of repulsive force, the ultra violet rays of 
the spectrum as to render them visible, although 
ordinarily, on account of a deficiency of repulsive 
force they cannot be appreciated by the eye : and in 
this way the phenomenon of Fluorescence may be 
explained. Similarly, we can see that it may be 
])ossil)le for some substances, by reflecting a greater 
])roportion of compulsive force or a smaller amount 
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o£ repulsive force than other substances do, to 
render the ultra red rays visible, which, owing to a 
deficiency of compulsive force or an excess of 
repulsive, are not ordinarily appreciated by the eye ; 
and in this way the phenomenon called by Dr. Tyn- 
dall calorescence, may be explained. 

110. We see now the importance to an animal or 
plant of the colour of diflFerent parts of its body, 
leaves, or flowers, since this enables the various parts 
to assimilate force in kind or amount suitable for the 
stimulation of the different sets of nerves or muscles, 
or for the elaboration of the secretions on which the 
growth of the animal or plant, or the reproduction 
of its kind, depends, and to reject force which in 
kind or quantity is unsuitable. Hence, every spot 
and mark— on skin, hair, feather, scale, ^^^^ leaf, 
flower, or seed — has its particular use. 

111. Since a solid is luminous at a much lower 
temperature than a gas is, owing to the large 
amount of compulsive force present in the particles 
of a soHd, as shown in paragraph 17, it is clear that 
rays which are not luminous when passing through 
air or gas, may, if they impinge upon a solid, 
produce, by displacing compulsive force from the 
solid, a luminous image. 

112. We thus find in a consideration of all the 
properties of light and heat, evidence to support the 
view that the one represents compulsive and the 

p 
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other the opposite repnlsiye force ; and we may now 
endeavour to see how the oppoeiteness of tiie ! 
action of these two forces is tamed to acooimt in 
Nature in building up living forms, and supplying 
the wants of the body and of the mind. 
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CHAPTER VI. 

PSYSIOLOGY. 

113. Hitherto we have been dealing with lifeless 
masses o£ matter. We have seen that the first stage 
in the process of the formation of such of these 
masses as are liquid or solid compound substances 
consists in the formation of groups, in each of which 
the different kinds of particles of which the mass is 
made up marshal themselves in regular order, each 
having and taking its appointed place j so that each 
group, when it is complete, contains not only the 
same number of particles, but also the same number 
of each of the several kinds of particles, in the same 
positions relative to one another, that every other 
group contains. 

The second stage in the formation of a compound 
solid or liquid mass consists in the groups of par- 
ticles formed in the first stage transferring repulsive 
force to, and taking compulsive force from, the 
particles of substances contiguous to them, until 
each of the groups parts with so much repulsive 
force, and obtains so much compulsive force, that it 

p 2 
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passes from the liquid to the solid^ or from the 
gaseoas to the liquid state^ and the mass as a whole 
assumes the liquid or the solid form. This we know 
from the fact that to liquefy a gas it is necessary^ as 
we have seen in paragraph 18, to abstract repulsive 
force in the form of heat, and apply compulsive force 
in some way. 

We have seen also that when a solid mass or a 
liquid mass built up out of these groups of particles 
comes in contact with another mass in the liquid 
state also built up of groups of particles, in many 
cases it breaks up and dissolves, if a solid, in the 
liquid mass, or if a liquid, diffuses itself through 
the other liquid mass ; and the groups of particles of 
the two masses then arrange themselves in regular 
order in groups of groups throughout the solution 
or mixture, just as single particles arrange them- 
selves to form groups of particles ; and just as we 
have in some compound substances groups made of 
three or four different kinds of particles, so also may 
we have some solutions containing three or four 
different kinds of compound substances with their 
respective groups of particles, grouped together in 
regular order just as single particles are grouped. 

We have seen, too, when particles or groups of 
particles of several substances are grouped together 
by tlio process of solution or diffusion, and force is 
applied, either in the form of heat or light or in that 
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of an electric t;nrrent, to the solution, or mixture 
that changes generally occur by which the particles 
are drawn closer together or driven further apart, 
and a rearrangement of the particles in the groups 
is eflfected by some of the particles changing places 
with others, whereby some of the particles are dis- 
placed from the groups of one or other of the com- 
pounds, and fresh compounds with new groups are 
formed. We have seen, too, that when changes occur 
by which particles are displaced from the groups of 
particles of any compound, an emission of force, 
either compulsive or repulsive, takes place. 

We have seen, too, that when particles or groups 
of particles, under the action of compulsive force, 
draw together in some portion ,of a liquid or a 
gaseous mass, and assume the solid condition, they 
often so dispose themselves as to build up a num- 
ber of perfectly regular bodies or crystals, which, 
though generally of a simple form, are sometimes of 
compound forms, such as the cross adopted by 
crystals of staurotide (Dana^s ^^ Mineralogy ''), or 
the arrow-head form adopted by crystals of gyp- 
sum (ibid.), or the branching or plumose form 
adopted by other crystals, of which we may see 
beautiful examples any frosty day in the ice crystals 
which form upon the panes of glass iti. our win- 
dows ; or sometimes, as in the case of asbestos, are 
in the form of fibres, so fine and tough that cloth 
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can be manufactured with them ; or sometimes^ as 
in the case of mica, are in the form of laminss or 
plates, so large, so clear, and so thin, that they can 
be used in place of glass. 

We now pass to living forms, which are, as we 
find, built up principally of carbon, hydrogen, oxygen, 
and nitrogen particles, though they often contain 
in addition one or more of the other elementary 
substances, such as chlorine, calcium, magnesium, 
sodium, sulphur, phosphorus, iron, silicon, and some 
other particles, but contain no particles other than 
those found in lifeless matter ; and thus as far as 
their composition is concerned the organic com- 
pounds, or substances of which living matter is made 
up, do not differ from the inorganic compounds, or 
those of which lifeless matter is made up (see 
Kekule's remarks quoted in Eoscoe's '^ Chemistry," 
vol. iii., part 1, p. 32). 

We find, also, that all organic compounds formed 
in nature contain carbon and hydrogen, and most of 
them also oxygen, and that the same laws of com- 
bination regulate the formation both of organic and 
inorganic compounds (Eoscoe's " Chemistry,^^ vol iii., 
part 1^ pp. 31 — 34). We notice, however, in the 
inorganic compounds the almost infinite variety of 
compounds formed with carbon and hydrogen par- 
ticles by merely varying the number of particles 
in the groups or adding one or more particles of 
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ime other elementary substance to each group. Thus 
we find in inorganic chemistry the following series of 
substances known, viz. Methane CH„ Ethane CaHg, 
Propane C,Ka, Butane C.H,«, Pentane CbHu, 
[exane CrHu, Heptane C,H|6, Octane CgHig, and 
which the gas Methane, which stands first, 
liafl in each of its groups of particles one particle 
of carbon united to four of hydrogen ; and each suc- 
ceeding substance has groups which differ from 
those of the preceding substance by containing one 
additional particle of carbon and two of hydrogen ; 
thus, in Ethane the groups consist each of two par- 
aoles of carbon united to six of hydrogen, and in 
■opane of three particles of carbon united to eigbt 
'tides of hydrogen, and ao on. Again, we find 
lOther series, viz. Ethylene C^Ht, Propylene CaHg, 
Intylene OiHg, Pentylene CsH,„, Hexylene G^xi, 
d so on, in which. Ethylene, standing first, has in 
;h of its groups two particles of carbon united to 
lur particles of hydrogen j and each succeeding 
.bstance differs from the one preceding it in the 
yme way as the members of the other series differed, 
by containing in its groups one additional par- 
le of carbon and two of hydrogen. Again, 
■ralle! to the first of these two series we find a 
series of alcohols: Methyl Alcohol CHjO, Ethyl 
Alcohol CjiHaO, Propyl Alcohol CaHsO, and soon, 
in which Methyl Alcohol, standing first, has one par- 
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tide of carbon^ four of hydrogen, and one of azygea 
in each of ita groups, and thna diEEeire from Methaiie 
only in having one additional particle of oxygea in 
each of its groups ; and each aocceeding Alooholin 
the series differs from the one preceding it by having 
one additional particle of carbon and two of hydrogen 
in each of its gronps, and from the parallel snb^ 
stance in the first series by having one additional 
particle of oxygen in each of its groups. Also 
parallel to the second series we have a series of fiitty 
Acids : Acetic Acid CsH^O^, Propionic Acid GJBifi^ 
Butyric Acid C^HgOg, and so on, in which Ac^ 
Acid, standing first, has two particles of carboBi 
f cor of hydrogen, and two of oxyg^ in each of its 
groups, and thus differs from Ethylene in the other 
series only in haying two additional particles of 
oxygen in each of its groups ; and' each succeeding 
Acid differs from the one preceding it by having one 
additional particle of carbon and two of hydrogen in 
its groups, or from the parallel substance in the other 
series by having two additional particles of oxygen 
in its groups (see Roscoe's '^ Chemistry,'* vol. iii., 
part 1, p. 37). The series referred to are being con- 
stantly extended, and the first of them already reaches 
to Hecdecane CieH84, in which the groups consist 
of sixteen particles of carbon united to thirty-four 
of hydrogen, and other series too are known ; so 
that the number of hydrocarbons is very striking. 
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We sliall find in the living forma that the par- 
ticles arrange themselves in groups and groups of 
groups, in the same way as they do in gasea or in 
Bolntions in lifeless matter ; also that the groups 
collect together, and form solid masses of regular 
form in the shape of cells in much the same way that 
■groups of particles of lifeless matter collect together 
d form crystals of regular form, or amorphous 
1 of matter, or forms intermediate between the 
two. But here the resemblance between the crystal 
and the cell ends ; for although a crystal, as we have 
seen in paragraph 38, may be fed by supplying it 
mtinually with fresh supplies of the solution in 
'hich it was origiDaliy fonued, and will, if proper 
irecautions are taken, continue to grow for some 
and though the living form also grows if it is 
id ; the living form grows altogether from the inside 
while the crystal grows from the outside. We may 
trace the growth of the living form from the inside 
throughout its development, from the formation of 
the fii'st cells from which all living forma are deve- 
loped, to the completion of the frame, with a trunk 
and estremittes in the shape of roots and branches, 
or a body with a head and limbs. 

We find fi-om Sachs' "Text- Book of Botany," 
that a vegetable cell is developed in the following 
way: first a mass of protoplasm collects and covers 
itself with a skin of cellulose, generally developing a 
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nucleus ; then as the cell grows the protoplasm dis- 
poses itself as a lining to the outer skin of cellulosej 
thus forming a sac, inside of which a watery fluid, 
called cell sap, collects ; afterwards, as the cell con- 
tinues to grow the protoplasm diminishes, but the cell 
wall gets thicker, and the cell sap increases ; finally, 
when the whole of the protoplasm has disappeared 
the cell ceases to grow. And we may therefore 
assume that the cell grows by its walls enlarging 
and thickening at the expense of the protoplasm 
inside the cell, and that the cell sap simply takes 
the place of the protoplasm which has been used up. 
Now we learn that protoplasm is a mixture of 
albuminous compounds with water ; and according 
toMiller^s ^^ Chemistry,^^ part, iii,, sect. 1, p. 3, Albu- 
min has approximately the formula C72 H112 N^g SO22, 
or, in other words, each of its groups consists of 
seventy- two particles of carbon united to 112 par- 
ticles of hydrogen, eighteen of nitrogen, one of sul- 
phur, twenty-two of oxygen. We learn also from 
the percentage composition, given in Carpenter's 
^' Human Physiology,'^ p. 59, of the various forms of 
Albumin, such as &^^ albumin, serum albumin, 
fibrin, globulin, &c., that the different forms of 
Albumin closely resemble each other, and we may 
perhaps therefore assume that they belong to some 
series in which the diff'erent members are even more 
closely allied to one another than are those of the 



paraffin, or methyl alcoholj or fatty acid series. 
At all events, all the forms of Albamin are very 
unstable, and easily decomposed. Cellulose, on the 
other band, of which the cell wall is chiefly made np, 
has the same fornmla aa Starch, or CeHmOs, or its 
nmltiplea ; and if then we asaome the multiple for 
Starch to be twelve, each groop of particles in Starch 
will consist of seventy-two particles of carbon, 120 
particles of hydrogen, and sixty particles of oxygen, 
or thirty-eight particles of oxygen more, and eighteen 
particles of nitrogen and one of sulphur less, than 
anAlbnmin group. Thus we see that iu Starch the 
eighteen particles of nitrogen and the single particle 
of sulphur of one of the Albumin groups have beoa 

Psplaced by thirty-eight particles of oxygen; or iu 
fcher words, the sulphur particle and each of the 
itrogen particles have been replaced by two par- 
ticles of oxygen. Thus the oxygen has replaced the 
anlphnr and the nitrogen in the proportion in which 
it combines with those substances. We see, there- 
fore that to convert albumin into cellulose or starch 
we have, if we neglect the hydrogen, only to replace 
nitrogen and sulphur by oxygen. 

Now we know that albumin is always coagulated 

by heat; in fact, any one may satisfy himself on this 

point by noticing how the albamin, or white, as we 

call it, of an egg is coagulated when the egg is boiled. 

And we find, from Sachs' " Text-Book of Botany," 
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tliat the protoplasm of Inring planto is genenlfy 
wfttery^ and is on the inside diffnentuitod into 
layers, which differ from each oiher in clwwmcJ 
composition and in the -amoont of water thef eon- 
tain in such a way that the innennoet layer is tiie 
most watery one. Hence we may peihaps be able 
to follow the snccessiTO stops by which an inanimate 
mass, made np of groups of albumin and water-groups 
of particles, is converted into a living oelL 

For if we assume that after a minute mass has 
been formed by the grouping together of albumin 
and water groups of particles, the mass is ex- 
posed to the action of excessive heat for a suffi- 
cient time just slightly to coagulate the albumin at 
the outside — exactly as we sometimes see, in a lightty 
boiled egg, the white or albumin at the outeide close 
to the shell is coagulated, whilst all the rest of the 
w}iit<3 inside remains clear and liquid — and that then, 
when the albumin at the outside has been thus 
sliglitly coagulated, the mass passes on to some other 
Kit.uation where a moderate amount of light and heat 
roaclujH it, it is clear that the effect of compulsive 
force, in the form of light acting upon the cell and 
causing contraction in it, will be to squeeze out some 
of the water-groups of particles, and thus to form 
iioxt the coagulated outside layer a layer less watery 
than the innonnost part of the cell. It is also clear 
tlmt the after-effect of the application of repulsive 
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force in tlie form of heat to the cell of protoplasm, 
thus coagulated on the outside and containing' 
fluid in the insidCj will be to expand the out- 
side, causing a partial vacuam in the inside: owing 
to which partial vacuum some of the groups of par- 
ticles of the liquid or gaseous masses surrounding 
the cell will pass into the interior of the mass of 
protoplasm forming the cell, and thus also carbonic 
acid gas may be supposed to pass into the cell. If 
the cell were now again exposed to the action of 
compulsive force in the form of light so as to be 
once more contracted, a portion o£ the liquids and 

I gases which had passed into the interior when tho 
protoplasm was expanded would be expelied, being 
iSorced through the contracted walls of protoplasm 
^forming the sides of the cell. But though the groups 
■of particles of gases or Hquids will pass in easily 
enough between the groups of particles in the 
expanded walls of protoplasm — just as the particles 
of hydrogen gas can pass through the pores of a 
platinum or palladium tube when red hot, though they 
cannot pass through the tube when cold — yet when 
the protoplasm is much contracted it may plainly 
happen that the groups of particles of liquids or 
gases will have great difficulty in passing out; 
and it may thus come to pass that though the more 
condensible oxygen particles in the carbonic acid 
gas groups may pass out, the less condensible 
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particles of carbon will fail to get out ; and thns 
the carbon particles will be sifted out of the carbonic 
acid gas which entered the cell. 

This explanation of the way in which, in plant cells, 
the carbon particles are separated from the oxygen 
particles in carbonic acid groups of particles, is not 
merely an imaginary one^ for Faraday, in '^ Researches 
in Chemistry and Physics/' p. 219, notices Mr. Gor- 
don's experiment, in which it was shown thatwhen oil 
gas, compressed to thirty atmospheres, was allowed to 
escape through a very small aperture, a deposit from 
the gas of black carbonaceous matter took place if 
a sheet of white paper or other substance were held 
so that the gas in issuing rushed against it. And 
here clearly we have an instance of carbon particles 
being actually sifted out from a gas in passing 
through an aperture. But Faraday notices a still 
more striking instance of this sifting out of carbon 
particles from a hydrocarbon gas ; for he states that 
it was found at the Royal Institution, that when 
oil gas was condensed at high pressure, and a per- 
fectly clear and transparent fluid obtained, this clear 
fluid, if it was placed in corked bottles, was in 
many cases transformed by spontaneous evaporation 
through the corks into a heavy brown almost solid 
substance, like honey or treacle. Here then, 
plainly, we have the bottle-corks playing the same 
part as that assigned to the walls of protoplasm 
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in plant cells in sifting out carbon particles from 
gas, much as grain is sifted from small seeds in a 
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Wemayassnme that sonie of the oxygen particles 
thns separated from the carbon particles, will, being 
in the nascent state, as they pass through the pores 
of the protoplasm, displace the eighteen nitrogen 
and the single sulphur particles from some of 
the albumin groups at the outside of the walls of 
protoplasm of the cell, and, converting the albumin 
into cellulose, thus form cellulose membrane in the 
outside of the mass of protoplasm. And that others 
of the albumin groups in the iuterior of the mass of 
protoplasm will be converted by the nascent and 
active oxygen particles into starch, which has, as we 
■have seen, the same composition as cellulose; and in 
'this way the formation of starch, which always takes 
place in the interior of the protoplasm of a cell ex- 
posed to light, may be accounted for. Also that some 
of the oxygen will combine with the displaced 
sulphur and nitrogen particles and some will escape 
as free oxygen : whilst the carbon particles left 
behind in the cell, being in the nascent state, will 
combine with some of the carbo-hydrates or fats 
which, according to Sachs, are generally contained 
in a mass of protoplasm (" Text-Book of Botany," 
p. 37, Trans,), and will aftei'wards combine to form 
albumin with a portion of the nitrogen and sulphur 
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displaced in the interior of the cell by the oxygen 
from the albumin groups to form starch. 

On being once more exposed to heat the sides of 
the cell would again expand, and take in more car- 
bonic acid gas and more liquids ; and these would 
again, when the cell was once more exposed to the 
action of light, be in part expelled, with the result of 
again sifting out the carbon particles from the car- 
bonic acid gas, and setting free oxygen particles to 
form more cellulose and starch, and thus enlarge 
and thicken the cell walls. The acids formed in the 
interior of the cell by the displaced sulphur and nitro- 
gen in the presence of the fluids inside the cell, 
would decompose foreign bodies which might pass 
into the cell, and facilitate the assimilation of their 
particles or their subsequent expulsion. In this way 
a cell which is favourably situated for receiving sup- 
plies may form secretions of the materials required 
by other cells, and by discharging, when it contracts, 
these secretions into sap which will be imbibed by 
other cells, furnish cells which are less favourably 
situated with the materials they require to enable 
them to grow ; thus the leaf cells of a plant may 
secrete starch and supply this material to the plant, 
while the root cells secrete the different salts which 
the plant requires. 

Thus all growth in a vegetable cell is due to 
+;he action of heat in producing expansion in the 
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cellulose and albuminous walls of the cell, and 
thereby making room inside the cell for the gases 
and fluids required for its growth to pass in, and to 
the subsequent action of light in producing contrac- 
tion in the walls of the cell, and thereby extruding 
from the cell, and depositing in the proper position, 
the material required to build up or extend the cell 
walls. The expansions and contractions of course 
succeed each other with almost infinite rapidity. 

We may assume that a cell exposed to strong 
light will be contracted more than a cell which 
receives but little light ; and that in consequence 
the cell under strong light will have thicker and 
denser walls, but will grow more slowly than the 
other cell. In this way the fact noticed by Sachs 
(" Text-Book of Botany/' Trans., p. 676), that grow- 
ing stems or leaf-stalks, which receive a much 
greater amount of light on one side than on another, 
curve towards the side exposed to the more intense 
light, by the slower growth of the illuminated side, 
and in the same way the fact that light, by the 
greater amount of contraction which it induces in 
the cell, is necessary to enable the cells to sift out 
carbon particles from carbonic acid gas, and secrete 
starch, may be explained. 

A single cell when favourably situated is thus 
complete in itself ; and we have plants, such as the 
yeast plant, consisting of rows of simple cells (see 
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Haxley on "Yeast") . But siDce changes go on inside 
the cell by which, as we have seen, the rearrangement 
of the particles in the groups of particles of some of 
the compounds inside the mass is effected, and fresh 
compounds are formed, and, amongst others, the 
albuminous compounds of which protoplasm is con- 
stituted, it does not seem difficult to understand the 
way in which a single cell in full vigour attaches 
to itself, by a process of exogenous germination 
(Carpenter's "Physiology," p. 65), other masses of 
protoplasm, which in their turn develop into cells ; 
for if, owing to one side of the cell receiving more 
force than another, the growth of the cell walls is 
not uniform, it is easy to understand that rupture of 
the cell walls may occur at some point under the 
action of repulsive force developed by the changes 
which go on inside the cell, and that such rupture 
may be followed each time by the extrusion of a mass 
of protoplasm, which will subsequently be attached 
to the outside of the cell by compulsive force also 
developed by changes inside the cell, and form 
a new cell, being coagulated on the outside by the 
extruding force ; or if the mass escapes, it may as 
a spore develop into a cell independently. When a 
cell has in this way surrounded itself with younger 
cells it must, if it continues to grow, receive the 
fluids and gases necessary to its growth, and dis- 
charge secreted or waste fluids either through or 
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into the cells surrounding it, or by pores or open- 
ings left between the cells ; and thus a system of 
capillary or venous circulation will naturally be set 
up. The cells which the original cell has attached 
to itself will in their turn attach to themselves 
masses of protoplasm, which will also develop into 
cells ; and thus the plant will grow. Since the plant 
receives moisture, and the diflerent salts which it 
requires, from the earth, and carbonic acid, nitrogen, 
and other gases from the air, the cells at the two 
ends of the plant will differentiate, those at the one 
end fitting themselves to imbibe moisture and 
secrete salts from the earth, and eventually forming 
a root, those art the other end fitting themselves to 
inhale gases from the air, and to secrete starch, and 
eventually forming leaves. Branches will naturally 
be formed, both at the root end and at the top, at 
points varying with the form of the original cell, 
where a marked development of force takes place, 
just as branches are formed in some compound 
crystals. The cells which have ceased to grow in the 
stem and branches will on the inside, by their thick 
dense walls of cellulose, form woody fibre, which will 
furnish the necessary support to enable further 
extension to take place ; and at the same time, being 
porous, will furnish a connected series of tubes 
through the roots, stem, and branches, by which 
fluids can circulate, conveying starch elaborated in 

Q 2 
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the leaf cells down to the roots^ and salt secretions 
prepared in the root cells up to the leaves ; and those 
too which have ceased to grow on the outside will form 
a dense covering in the form of bark, to protect the 
young cells and prevent evaporation in the sap. 

A marked circulation of sap must take place in 
the autumn, when the tree as a whole contracts 
under the action of compulsive force in the form of 
light and diminished heat, and in the spring, when 
the tree as a whole expands under the action of an 
increase of repulsive force in the form of returning 
heat ; there must also be a daily circulation arising 
from the same cause ; and in fine weather a con- 
stant circulation, due to one side by day and one 
end by night receiving more light or heat than the 
other side or end. 

It is easy to see that when a plant is in full 
vigour, and its leaves and roots are actively engaged 
in secreting material for the formation of cells, it 
may happen that the conditions under which it is 
growing are so favourable that a superabundance 
of material for forming both leaf and root cells will 
be secreted. The plant will then develop abnormal 
outgrowths of leaf or root cells which it cannot 
retain permanently. Hence we find plants forming 
flowers, in which the stamens and petals are ab- 
normal out-growths of leaf cells and the bulbous 
pistils are abnormal out-growths of root cells ; or, 
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we find them developing, as in the case of some 
ferns, upon some of the normal leaves small ab- 
normal bunches of leaves, which afterwards are 
detached and grow into perfect plants ; or we find 
them developing masses of root cells, in the form of 
tubers or bulbs. If, when flowers are developed 
above ground, masses of leaf cell detached from the 
stamens come in contact with masses of root cell 
developed in the pistil, or if, when tubers are formed 
under ground, masses of leaf cells come in contact 
with masses of root cells in the tubers, in either 
case, the nuclei of separate plants are formed, 
which rapidly develop into young plants, and cover 
themselves with a husk or skin. In the seed the 
young plant is provided with large leaves, or 
cotyledons, and a small root \ in the tuber it is pro- 
vided with a large bulbous root, and a small eye or 
leaf shoot; and thus the tuber is the counterpart of the 
seed. We may notice that the petals of flowers are 
generally brightly coloured so as to reflect light, and 
that the corolla is generally, if not trumpet shaped, 
so shaped as to converge the rays of light and heat 
upon the ovary of the pistil. The inner portion 
of the petals, near the root of the stamens, is often 
made of a dark colour or with dark patches, to 
absorb light. 

Since plants obtain, as a general rule, their sup- 
ply of water and of salts from the earth, they must. 
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as a general rule, be fixed on one sppt, so as to give 
tbeir roots an opportunity of penetrating deeply 
into the earth; at the same time some vegetable 
forms are found which are endued with locomotive 
powers. 

114. We may now pass from vegetable to animal 
forms, which, as their cells are unable to separate 
the carbon particles from carbonic acid gas and 
thus to elaborate starch or albumin, are compelled 
to obtain the supplies of albumin which they re- 
quire for the formation of protoplasm either directly 
from the cells of vegetable forms or indirectly 
from the cells of other animals, which have obtained 
their own supply from vegetable forms. Hence the 
animal must be a much more complicated form than 
the vegetable; for it must not only be furnished 
with appliances for breaking up or piercing the 
hard walls of vegetable cells, and with secretions 
for dissolving or dividing up, with the aid of wrater, 
albuminous and other compounds, to a sufficient 
extent to enable these compounds to pass into its cells 
or into its circulation, but since while the vegetable 
or animal matter is being dissolved, or put into a 
shape in which it will pass into the system of the 
animal, it must be retained in such a way that the 
useful portions of it will not escape, the animal 
must be provided also with a sac or stomach cavity, 
in which it may hold its food, and mix up its food 
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with water : it muab farther be provided with 
of locomotion, to enable it from time to time to 
change ita position to places where supplies of 
animal and vegetable food, as well as of water, can 
be obtained, or to enable it to avoid enemies, or 
escape from dangerous situations. And besides 
being furnished with a stomach sac and limbs, it is 
absolutely necessary, if the animal is to live and 
grow, that it should be furnished also with senses, 
to discern from a distance the obstacles, the situ- 
ations, and the vegetable or animal forms which 
■wilt injure, and the situations and the animal or 
vegetable forms in or with which it will find 
nourishment and security. 

Though space furbids an attempt to work out all 
the steps by which vegetable forms have been 
differentiated into animal forms, it does not seem 
difficult to understand in a general way how, when 
vegetable forms had been developed, it might have 
happened that when some plant had been injured 
by the "wind, or by a blow fi'om some falling tree or 
miass of rock, or in some other way, the spores or 
germ cells of other plants might have fallen 
into a pool of sap collected in the wound, and, 
finding in the sap all the material they required for 
further growth, might have rapidly increased and 
formed masses of cells, which, as all their food would 
be derived from the sap of the wounded plant, and 
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woald come from one direction^ would naturally 
develop in the middle a pipe or cavity, by which 
the sap woald pass to all alike. When sach a mass 
of cells^ arranged about a central cavity, hud been 
formed^ an alternation of expansions and contrac- 
tions in the oatside of the mass wonld set np a 
sucking action^ under which the sap wonld continue 
to flow from the wound. Limbs would branch out- 
from the sucking body, in the same way as roots 
and branches from a tree ; and these, twining round 
the wounded plant, under the action of light in 
causing the unilluminated to grow fekster than the 
illuminated side would, when they suflfered con- 
traction, force the mouth of the cavity tightly into 
the wound, causing the walls of the cells at the 
mouth of the cavity to grow dense under the great 
amount of contraction they suffered, and in time to 
become sufficiently hard to be forced by the con- 
traction of the limbs deep into the tissue of the 
plant, and there being contracted by pressure from 
the sides of the wound, the mouth would remain 
small, while the outer part of the cavity was con- 
tinually increasing under the greater amount of 
expansion it would receive. In course of time the 
cavity would become so much enlarged that it 
would be sufficiently capacious to hold a supply of 
sap which would last the parasite for some time, 
and the mouth would become so much contracted 
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that it would only open when the exhaustion was 
considerable ; then the minute contractions and ex- 
pansions under light and heat, in the body and 
limbs, would force the fluid in the cavity to circulate 
throughout the body and limbs ; and at each con- 
traction a portion of the fluid would escape through 
the outer cells of the body and through the anus — 
which would naturally form ; consequently, after the 
cavity had been filled at each successive contrac- 
tion the body suffered, the amount of contraction 
would increase, until at last the amount of contrac- 
tion effected would be so great that the exhaustion 
produced by the subsequent expansion would be 
suflicient to open the mouth and pour a fresh supply 
of sap into the cavity. The parasite would now 
have a stomach sac, with mouth and anus complete, 
but unless endued with the power of locomotion 
would perish after it had sucked the plant on which 
it had fixed dry. Its young, however, if developed 
after the plant type, with stomach sacs, mouths, 
and root-like limbs, like the parent form, would, if 
detached and washed down by heavy rain into some 
estuary charged with floating masses of bruised 
vegetable matter carried down by torrents from 
the hills, be brought in contact with plenty of 
suitable food, which would pass into their stomach 
sacs as they expanded. 

115. Now if the animal were in the form of a 
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plants i.e. with extended limbs at both extremities 
(root limbs at one end^ and branch limbs at the 
other) of a tmnk or stem ; and if the extremities of 
the limbs at both ends were so modified that they 
could entangle or attach themselves to any sub- 
stances contignons to them^ in soch a way as to be 
able to transfer all the force which reached them 
to those snbstances ; and if then this a.Tii Tn«.l were 
subjected to a series of alternatiug expansions and 
contractions^ — ^it is clear that it would be able to 
move either backwards or forwards or even side- 
ways if^ at the end of each expansion^ the limb or 
limbs in front, or in the direction in whieh the 
animal wished to move, should make themselves fast 
to some object so that the next contraction must 
carry the animal forward bodily in the direction of 
the object to which the limb in front was attached ; 
and if after every contraction the limb behind were 
to make itself fast to some object, so that the next 
expansion would thrust the animal bodily away 
from the object to which the hind limb was 
attached, and therefore towards the object to which 
the front limb was attached, or in the same direc- 
tion as the animal was carried by the contraction, it 
is clear also that by each contraction and by each 
expansion which it experienced the animal would 
>e carried, little by little, in the direction in which 
required to travel. All therefore that is abso- 
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lately necessary for locomotion is, that the animal 
should experience a series of contractions and ex- 
pansions, and that it should be furnished with 
limbs before and behind, by which it might lay hold, 
alternately, of objects before and behind. But if an 
animal were dependent wholly for motion upon the 
amount of contraction and expansion which light 
and heat respectively would set up in it, it would 
plainly get along very slowly; and we may now 
therefore try to see how the contractions and ex- 
pansions set up in the body by light and heat can 
be supplemented. If then the body or trunk of the 
animal is furnished with jointed limbs, capable of 
being drawn in or extended by the contraction or 
expansion of masses of muscle, made up of cells, 
with walls of some albuminous compound which con- 
tracts readily under the action of compulsive force, 
disposed so as to form a series of striaa or trans- 
verse layers for the whole length of the muscle ; 
and if between these bands or striaa a series of 
arteries and veins are disposed in such a way as to 
bring up, periodically, supplies of fluid, in the shape 
of blood containing oxygen gas particles side by 
side with groups containing carbon and other par- 
ticles, and to carry oflF waste fluid ; and if a con- 
ductor similar to the wire of a battery, radiating 
at one extremity into an enormous number of 
branches whose ends are in connexion with every 
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by 9k force impulse of some other kind, as by a 
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blow or a sound, or a visual impression, or in some 
other way, a charge of repulsive force is accumu- 
lated in another condenser, or in another insulated 
plate of the same condenser, having another branch 
of the same artery which supplies blood fluid to the 
muscles connected with it, — it is clear that then it 
will be possible, if the necessary connexions can be 
made, to discharge one of the charges of compulsive 
force in the first condenser by the conductor in 
connexion with the muscle, and through the artery 
in connexion with the second condenser, by means 
of the charge of repulsive force in the second 
condenser, in place of allowing the charge of com- 
pulsive force to be neutralized by the next charge 
of repulsive force in the ordinary way. It will then 
be the turn of the repulsive force charges to come 
first, and therefore thenceforward charges of repul- 
sive force will be available for employment in the 
first condenser. The eflfect of sending a spark of 
compulsive force through the conductor and into 
the artery will be to set up the combustion of the 
carbon particles in the carbon compounds contained 
in the artery, at the expense of the oxygen par- 
ticles, just as the same spark in an electric current 
is able to start the combustion of the carbon com- 
pounds contained in a jet of coal gas in the presence 
of oxygen contained in the air. And just as a very 
small spark or flame may cause a very big fire, so 



Light the Dominant Force 
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branches in connexion with the whole surface of 
the body, the other set bj its ramifications in con- 
nexion with each set of muscles and with all the 
arteries — ^provide the two conductors required ; the 
voluntary muscles, or muscles by which movements 
are communicated to the limbs and other parts of 
the body by the action of the will, are striated very 
much in the manner described (Carpenter's '^ Hu- 
Dian Physiology, p. 783). Hence we may assume 
that in some such way as described animals are 
©tabled to contract or extend their limbs, the con- 
traction always preceding the expansion. Dr. 
Carpenter has pointed out that the facts that blood 
which returns from a muscle at rest resembles 
8•^terial blood in colour, while that which returns 
from a muscle in action resembles venous blood 
in colour, also that the quantity of carbonic acid 
exhaled bears a constant relation to the amount of 
inuscular exertion put forth, show that the motor 
force employed in the contraction of muscles is 
generated by the oxygenation of the component 
elements of the muscle, or of those of blood (Car- 
penter's '' Human Physiology/' p. 13). 

An animal provided with limbs which can be con- 
tracted and extended, and which are furnished with 
prehensile fingers or claws, can move itself easily, 
either by first raising and extending one limb in 
the direction in which it wishes to move, and then. 
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after clatohing some object with the extended limb, 
contract ID g the extended limb so as to draw the 
body ap to the object clutched, or by clntching 
some object in the opposite direction to that in 
which it wishes to move^ and then extending tlie 
limb which clntches the object so as to thmst tlie 
body forward, or away from the object clutched. 
In both of these ways animal locomotion generally 
takes place — the limbs behind thrusting, the limbs in 
front drawing, the body forward. In the case of 
flying animals, the fore limbs are modified so as to 
produce wings able to clutch large masses of air ; 
or in the case of fish, fins are provided, and the tail 
is modified so as to enable large masses of water to 
be clutched by the fins or lashed with the taiL An 
animal thus utilizes both the compulsive and the 
repulsive force developed by the consumption of 
material within it, whereas a locomotive engine only 
utilizes repulsive force ; an engine is jacketed with 
a wooden or other lining to keep in heat, whereas a 
man takes off his jacket when he is walking very 
fast in order that the surplus heat he is unable to 
utilize may escape. 

11 6-. In effecting the complete contraction of a 
limb the whole of the free oxygen in the blood in 
the arteries about the muscles is consumed ; this is 
shown by the fact that though arterial blood con- 
''■"ins a large quantity of free oxygen, and blood 
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■coming from a muscle at rest contaiEs nearly half 
aa mach as arterial blood does, blood coming from 
a muscle in action contains hardly any free oxygen 
(ibid., p. 2G2) ; hence, after a muscle has once been 
contracted completely it cannot be contracted a 
second time until a fresh supply of blood has been 

. received, or 0. fresh supply of oxygen has passed 

Wtako the blood. 

Wk 'We may noWj therefore, turn our attention to the 
circulation of the blood, by wbich fresh supplies of 
blood are famished, and to the process of respira- 
tion, by which fresh snpplies of oxygon arc intro- 
duced into tho blood. We have seen that animals 
of the higher types — by a lobed brain provided with 
two sets of nervous conductors, the one set, the 
sensor nerves, in connexion with every part of the 
surface of the body, the other set the motor nerves, 

I in connexion with every one of the sets of muscles 

[scattered over the body — are supplied each with a 
[ondenser or set of condensers, in which impulses 

Kpf compulsive force or of repulsive force which 
)ach the surface of the body and are conveyed to 
the brain by the sensor nerves are for a moment 
■ored up, and can be discharged by means of the 
iaotor nerves through any of the sets of muscles 
with which the will connects them. We have now 
to see that in the heart, wrapped about as it is with 
bundles of muscle, nerve, arteries, and veins, and 



having two seta of nerve conductors, the one from 
the cerehro-spmal the other from the sympathetic 
system (Carpenter, " Human Phyaiology," p. 274), 
animals are furnished with a coil, which acts as 
accumulator in the way described in paragraph 98, to 
enable aparka to acquire sufficient head, so to spf 
to leap across a break between the ends of the 
two conductors, which break may be assumed to 
be located in the cardiac plexus. If we suppose 
then that the enda of the two nerve conductors 
wrapped in a coil round the heart are so close to t 
other when the heart is contracted that eurrenta 
are able to paas quite freely between them, but 
so far separated, owing to the tension of 
fibrea between them, when the heart is expanded 
that then sparks only can pass ; and if we suppose 
also that the two conductors are connected with 
different condensers, one of the condensere being 
tho one which we have already alluded to aa being 
alternately charged and discharged by compulsivs 
and repulsive foi-ce charges reachiog it from the 
light and heat raya which fall upon the outside of 
the body through the aensor nerves, we shaC ha 
able to see that, when the heart is expanded, each'. 
time the condenser connected with the sensor 
nerves is charged with compulsive force from the 
sensor nerves, a charge will pass by a spark across 
the break between the conductors into the other 
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condenser, and whenever the condenser connected 
with the sensor nerves is discharged a spark wiU 
also pass across the break from the other condenser, 
bat no spark will pass when the heart is contracted. 
Assuming that the lobes of the brain supply the 
necessary condensers, we may be able to get some 
idea of the heart's action ; for since one part of the 
brain is being constantly charged and discharged by 
light and heat rays falling upon the body, it is clear 
that immediately the heart is expanded a spark will 
pass ; the passage of the spark will set up the com- 
bustion of the carbon particles of the carbon com- 
pounds in the small arteries of the heart at the 
expense of the oxygen particles, in the same way as 
the spark sets up combustion of the carbon particles 
in the small arteries of the other muscles. 

We may assume that the combustion of the carbon 
particles develops compulsive force, and produces 
contraction of the muscles, accompanied with lateral 
displacement of repulsive force, in the same way as 
in the voluntary muscles. As soon as the whole of 
the oxygen in the arteries has been burnt out, the 
displaced repulsive force will cause the muscles once 
more to expand. After the heart has expanded 
and the arteries have thus received a fresh supply 
of blood charged with oxygen, a spark will again 
pass from the brain, and set up once more combus- 
tion of the carbon and oxygen particles in the 
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mixing with the blood as white or red corpuscles, 
in other ways is utilized to build np tissues, repait 
waste, supply force, &c. 

Nor is it necessary to allude to the skeleton, OS 
skin, or outer covering of the animal, further than 
to point out the general correspondence betweeo 
the trunk, limbs, and bark of a tree and the trunks 
limbs, and bide of the animal; but we may turn to the 
consideration of the senses with which, as we harti 
seen, it ia necessary an animal should be endowed. 

118. lb is plain that an animal famished witk 
sensor nerves, ramifying from the brain as a centre™ 
to every part of the surface of the body (se4i 
Eaeckera "Eaaaya on Cellalar PBychology," r» 
Herbert Spencer's " Principles of Psychology,'' 
vol. i., p. 25), and conveying to the brain — whidl 
acts, as we have seen, as a condenser in storing uj 
force — all force impulses which reach the surface ol 
the body, will, if its brain is placed upon a neckj 
which serves as a stand to insulate it from the body^ 
and above ail from the ground, feel uneomfortabid 
in any situation in which the compulsive force iiq* 
pulses reaching the surface of its body are mucj 
stronger or much weaker than the repulsive forc£ 
impulses reaching it ; for if either the pressure 
the cold was excessive the animal would, having 
excess of compulsive force stored in its brain, 1 
perience a sensation of heaviness, or inability 
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extend its limbs ; whilst, in a situation where either 
the heat was excessive or the pressure very small, 
it would experience a difficulty in contracting its 
limbs, and therefore in moving ; hence the animal 
would be warned by its sensations against moving 
towards situations where the temperature or pres- 
sure was unsuited to animal life. It is also clear 
that the animal, besides being rendered uncomfort- 
able by the surface of its body as a whole being 
exposed to conditions of pressure or temperature 
unfavourable to movement, would also be rendered 
uncomfortable, and might be hampered in its 
movements, if any parts of its body were to receive 
a severe blow or a wrench; for part of the force 
from the blow or the pull would be stored up in the 
bi-ain ; and if it were stored in the same condenser 
as that used in the movements of the limbs, would 
hamper the movements of the limbs until it was 
worked oflF; or, on the other hand, if it was stored 
in another condenser it would facilitate move- 
ment, as we have seen. If then the animal is 
furnished with long feelers, or tentacles, carrying 
sensor nerves in connexion with one of the lobes of 
the brain, and made very fine and very long so as to 
project far in advance of the body, it is clear that if, 
when it is moving, any large obstacle to its further 
progress lies in its path these feelers will, by 
striking against the obstacle and transmitting the 
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force of the blow to the brain, give the animal notice 
of the existence of the obstacle in time to enable it 
to stop before reaching the obstacle. And if now, 
instead of having a thin inside coating of solid 
metal, as the Ley den jar or electrical condenser has, 
the brain of the animal is made soft and massive, 
and consists largely of carbon compounds and water 
or other fluids, and is permeated everywhere with 
small arteries conveying blood, and other fluids 
containing oxygen, to enable fresh tissue to be built 
up, or the grouping of particles in old tissue to be 
modified, and furnished also with veins running side 
by side with the small arteries, and acting as waste 
pipes to remove surplus fluids and material — just in 
the same way that the muscles are furnished with 
supply pipes bringing blood and oxygen, and with 
waste pipes to remove surplus material — it is clear, 
since, as we have seen, force, if it is not transferred, 
always produces definite changes within a mass of 
matter to which it is communicated, that the force 
communicated to the brain by every blow which the 
ends of the feelers receive by impact against ob- 
stacles lying in the animals path, will, if it is not 
at once transferred, induce definite changed in the 
animaFs brain, causing a condensation of the par- 
ticles about the root of the conductor or sensor 
nerve in the feeler, or an alteration in the grouping 
of the particles in the material of the brain, and 
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displacing force of the opposite kind, which can 
be utilized in the movements of the muscles of the 
limbs or other parts of the body in the manner 
already described. Thus, if in the animaPs brain 
certain portions or lobes are set apart for the use, 
so to speak, of the feelers, a more or less perma- 
nent record will be left in its brain by every obstacle 
against which its feelers impinge. And if, further, 
the feelers are capable of being moved by sets of 
muscles in which movements of the same sort as 
those of other muscles can be set up, and if while 
the muscles of the feelers are in motion a portion 
of the force which, as we have seen, is displaced 
from the muscles is utilized to produce other 
changes in the grouping of particles in the material 
of the brain, the animal will be able to form in its 
brain an engraving, so to speak, of the surface of 
the obstacle opposite to it; for by bringing its 
feelers together to one portion of the surface, and 
then passing one of them upwards or downwards 
and sideways across the surface from one edge to 
another, the points where contact begins at one 
edge and ends at the opposite edge, and the amount 
of extension or contraction of the muscle necessary 
to move the feeler from the point where contact 
begins to that where it ends, will be engraved upon 
the brain by changes in its material, and thus a 
picture or, rather, an engraving, of the surface will 
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not only be obtained but retained in the brain; and 
this picture will be deep and permanent or shallow 
and transient^ according as much or little time and 
attention, or force and material, are given to its 
execution. By subsequently transferring force of 
the opposite kind to that by which the picture was 
produced through the lobe of the brain on which it 
is engraved to the lobe of the other feeler, the pic- 
ture will be effaced on the lobe or side on which it 
was first engraved, and engraved on the other side by 
the force displaced in effacing the picture, which will 
be, plainly, the same force exactly as that by which 
the picture was originally produced. And so long as 
the picture remains engraved upon the brain it can, 
by being transferred from one side to the other of 
the brain, be reproduced by this process of recol- 
lection or memory, as we call it, as often as the 
animal wishes. Thus, as the animal moves along it 
will be able to store up in its brain pictures of all 
the obstacles it encounters ; and if, instead of 
moving heedlessly along between the different sets 
of obstacles it encounters, it utilizes a portion of the 
force displaced in the muscles by every movement 
to produce a record in its brain by means of the 
changes induced by the displaced force in the 
grouping of particles in the material of its brain, it 
will then have a complete record of the path, show- 
ing not only the obstacles in the way, but also the 
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number of times the limbs must be moved in passing 
from one obstacle to another. As the animal grows 
older, picture upon picture will be stored in the 
different layers of its brain ; and though some 
of those pictures which were lightly graven 
will wear out or be effaced by others, those to 
which much attention was given, and which, 
being often gone over and revised by comparison 
with the original, are deeply and firmly cut, will 
remain all through its life. A set of brain pictures 
of this sort constitutes, as it is called, a stock of 
Experience, upon which, by the process of Recol- 
lection already explained, the animal can draw at 
any time for guidance. 

119. The pictures of obstacle thus engraved upon 
the animal's brain by the means of feelers are en- 
graved by force developed in the body of the animal, 
or rather by force displaced from the obstacle with 
which the feeler comes in contact by force developed 
in the body of the animal and transferred to the 
obstacle by the feeler, the attention of the animal 
being engrossed or confined by the very form of the 
feeler to the object or objects with which at the 
time the feeler is in contact. But since solids 
transfer force to the particles of gaseous masses with 
which they are in contact, and the particles of the 
gaseous masses in their turn, as we have seen at para- 
graph 49, transfer the force they have thus received 
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to other solid masses^ it is clear that if any mass of 
matter is transferring a large amount of force to the 
particles of air surrounding it, force transferred by 
the air will reach the body of an animal approaching 
that mass before the animaPs body or feelers come 
in contact with the mass, and that in this way, 
without the aid of feelers, an animal may be made 
aware of the existence of obstacles, if the obstacles 
are able to transfer force in large amounts to the 
air ; though at the same time, since the force thus 
transferred through the air would act upon the whole 
surface of the animals body opposite to the mass, it 
is clear that no precise information in regard to the 
form and extent of the obstacle could be obtained. 
If, however, a small portion, in the form of an eye- 
ball, of the animaFs body were separated from the 
rest, and, though connected by a conductor with the 
brain, otherwise insulated, so as to be unable to 
transfer force readily to any other part of the body ; 
and if at the same time this ball were so enclosed or 
shut off from the brain and the rest of the body, as 
well as from the outside, in a socket or depression 
in the surface of the body, that no force could reach 
it except the force transferred by an object directly 
in its front, — it is plain that the eyeball, if it were 
composed of some stable compound in which the 
grouping of the particles could not be readily altered 
by any force likely to reach the ball, would contract 
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or expand under impulses of force which it could 
not transfer to the', body and which were not 
suflSciently great to induce alterations in the group- 
ing of its particles nor to produce movement 
involving change of position in the ball ; and if the 
interior of such an eyeball were filled with some 
iiuid which would expand and contract under the 
action of force more readily than the outer portion 
of the ball contracted or expanded^ — the eyeball 
would, it is plain, being prevented by the socket in 
which it was enclosed from drawing nearer to the 
brain when its fluid contents contracted, exert a 
pulling strain upon the brain by tending to shorten 
the length of the conductor connecting it with the 
brain. We shall perhaps be able to understand 
better the dragging action which an eyeball of 
this sort, when it contracts, will exert upon the 
brain, if we consider the effect exercised by con- 
tractions in the mercury in a thermometer upon 
the top of the glass tube of the thermometer. 
For the bulb of a thermometer, filled as it is with a 
fiuid which expands and contracts under the action 
of force more readily than the glass bulb, and having 
attached to it a stalk in the form of a tube, may 
plainly not inaptly be compared to an eyeball with a 
conducting stalk of the sort explained. We can 
show experimentally that a column of mercury in a 
tube forms a piston, or rather a plunger, and that a 
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piston if it is forced ap towards the closed end of a 
tube produces pressure upon the closed end, or if it 
is drawn back away from the closed end exerts a 
pulling strain upon the closed end ; and we may see 
the mercury column, when the mercury in the ball 
of the thermometer contracts, shortening and draw- 
ing away from the closed end of the tube, and there- 
fore putting a pulling strain upon the closed end of 
the tube ; and so also plainly must an eyeball in a 
socket produce a pulling strain upon the brain of an 
animal, if the fluid contents of the eyeball contract 
more readily than the outer portion of the ball. 
The analogy between the case of the eyeball and 
that of the bulb of the thermometer will be seen to 
be more complete if, for the same reason that the 
bulb is made of a transparent material allowing rays 
of heat and light to pass through to the mercury 
inside, the eyeball also on the one side from which 
force reaches it is made with a transparent covering 
which allows rays of heat and light to pass through 
to the fluid contents of the eyeball. 

We have seen that when the eyeball contracts it 
exerts a pulling strain upon the brain, owing to the 
socket preventing the shortening of the nerve or 
conductor connecting the eyeball and brain. We may 
now remark that the socket will not prevent the 
extension of the nerve or conductor; and that if 
there is nothing to prevent this except a few muscles, 
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whicli themselves are liable to be extended by any 
force "which tends to expand the eyeball and extend 
the nerve, the brain, although it will be stimulated 
by the action of compulsive force entering the eye 
in the form of rays of light, will not be stimulated, 
or at all events will not be stimulated to the same 
extent, by the action of repulsive force entering the 
eye in the form of heat. And therefore the eyeball 
differs from the thermometer in indicating the action 
of light rays instead of that of heat rays. Now 
animals are furnished generally each with two eye- 
balls, filled with fluid, and pierced on one side with 
a hole or pupil, with a transparent covering, or 
cornea, through which rays can enter and reach the 
fluid contents of the eyeball; and these two eyeballs 
are connected each by an optic nerve with the brain, 
and at the same time are placed in sockets which 
prevent the shortening of the optic nerve, and are 
held in position in the sockets by muscles capable 
of expansion under the action of heat. Hence it is 
clear that animals so furnished will be able to 
recognize, by the dragging efi*ect exerted upon the 
brain, the presence of objects which radiate compul- 
sive force in the form of light to their eyes, and thus 
produce contraction in the fluid contents of the eye. 
It is also clear that an animal furnished with two 
eyes, capable of being moved in the same way that 
feelers are moved, can, by directing the eyes to any 
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object radiating compnlsiTe foroe^ and moving the 
eyes, obtain a picture on its brain of tbesarCaoe of liie 
object^ delineated by the changes in the gronping of 
the particles in its brain caused by the polling 
action upon the brain ezerdsed through the eje by 
the compulsive force from the object, and to force 
displaced from the muscles in the act of moving the 
eye. Such a picture will be similar to the pictore 
formed upon the brain by the medium of feden, 
but will differ in this one respect^ that wheireas 
the picture obtained by means of the feelers is 
engraved upon the brain by pressure^ that obtained 
through the medium of the eyes is embossed or 
executed in relief by tension. The brain may be 
stored with pictures obtained through the eye in 
series upon series in its different layers^ just as it 
may be stored with pictures obtained through its 
feelers; but in order to institute a comparison 
between the picture of an object obtained through 
the eye with that of the same object obtiuned 
through its feelers, it must first reverse the picture 
obtained through the eye. Pictures can be obtained 
through the feelers at any time in light or darkness^ 
but those obtained through the eye can only be 
obtained when the object is illuminated; hence 
pictures obtained through the feelers will naturally 
supply the standard to which other pictures will be 
referred. Though animals are furnished with two 
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eyes, one eye only is apparently concerned directly 
in the production of the picture in the brain, and 
the other eye simply transfers the force it receives 
so as to supplement the force at work in the other 
eye, and thus produce one picture only. We can 
see this by moving so as to bring two objects into 
line when looking at them with both eyes, and then, 
when the two objects are in line, closing first one 
eye and then the other ; for we shall find that the 
objects remain still in line when one particular eye is 
closed, but are no longer in line when the other eye 
is closed, showing that a difiFerent picture of the two 
objects is then obtained. We are accustomed to re- 
cognize this by speaking of one eye as being stronger 
than the other. On the other hand, we can show 
that both eyes are actually employed in the forma- 
tion of the picture, though one merely assists the 
other, for if while we are looking at any object we 
apply the finger to one eye so as to force it slightly 
down, we shall then obtain two pictures of the object. 
But though with the lower animals representations 
of objects may be roughly executed on the brain in 
the manner described, in the case of the higher 
animals, the representations of objects will be far 
more carefully and faithfully executed. For if we take 
the case of our own brains we find that our arms 
and hands supply the place of the antennae or feelers 
of other animals of lower types, and that our feelers 
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branch out at their extremities into fingers with 
sensitive tips ; also that with these branched fingers 
we can, by the sense of touch, obtain very complete 
representations of those portions of the surface of 
any object which may at the time be opposite to us. 
We find also that just as we are provided with branched 
feelers, so also the extremity of the optic nerve ia 
our eyes is branched in such a way as to spread out 
over the whole of the retina, or portion of the eye 
upon which the rays of light, when they have 
entered the eye and passed through the transparent 
fluid which it contains, fall, and thus furnish us 
with a very complete representation of those por- 
tions of the surface of any object which may be 
opposite to us. 

1 20. In the human eye the adjustments are very 
complicated, and we may perhaps for a time profitably 
turn our attention to them. We may notice then, in the 
iirst place, that the whole of the eye, except the por- 
tion in front covered by the transparent cornea, is 
enveloped in the opaque white sclerotic membrane, 
which reflects all li<^lit and excludes it from entering 
the eye anywhere except through the cornea. We 
may notice next that the greater part of the light 
which passes through the cornea is cut off and 
absorbed by a dark-coloured membrane called the 
iris, which is stretched behind the cornea, and allows 
ouly a comparatively small portion of light to pass 
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to the optic nerve and retina througli the pupil, or 
small hole which is pierced in the iris, and which 
contracts in strong light and expands in dim 'light 
thus regulating the amount of light which enters 
the eye, and plainly following the contractions which 
the eyeball itself undergoes under strong Hght. 
The light rays which pass through the pupil fall 
upon the crystalline lens, by which, in the manner 
described in paragraph 105, they are bent or 
refracted, in the same way as rays of light are 
refracted by the lens in a photographer's camera, and 
f ocussed upon the retina of the eye. The crystalline 
lens is a double convex one, and according to 
Helmholtz (" Popular Scientific Lectures,^' p. 205) 
becomes more convex, especially on the outside, by 
the contraction of the ciliary muscle, when the eye 
is looking at near objects than when it is looking at 
distant ones ; in this way, when at rest being ad- 
justed to see distant objects distinctly, the eye 
accommodates itself to look at near objects. Since 
near objects send much more light to the eye than 
distant ones do, they naturally produce more con- 
traction in the eyeball than distant ones ; and here 
again, as in the case of the pupil, we see light 
directly producing contraction. It seems important 
to notice that while the sclerotic membrane is made 
white so as to reflect light, the iris, which, as well 
as the ciliary attachment behind it, is required to 
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contract under strong light, is made dark-coloured 
so as to absorb light. The choroid membrane out- 
side the retina is also made dark-coloured, so as to 
absorb all light rays which enter the eve. 

If we bring the eye close to, i.e. within an inch 
of, a fine bright metallic point, or a very minute 
hole in some opaque substance, so as to allow rays 
of strong light to pass from the point, or through 
the hole, into the eye, we shall notice on the 




Fig.iO. 



point or in the hole a brilliant spot of light, con- 
sisting of a series of concentric rings, alternately 
bright and dark, of which the outer ring is a bright 
one. 

The concentric bright and dark rings in these 
spots seem in some way connected with the arrange- 
ment of the particles of which air is composed about 
tlve point or in the hole on or in which the spots of 
light are seen. We have already seen, in paragraph 
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24, that solids condense films of air particles upon 
their surfaces, and if we take any solid (one finger 
of the hand will serve well for this purpose) and 
hold it up against the light, within about two inches 
of the eye, we shall notice that the outline of the 
surface is not sharp and distinct, but that, clear of 
the surface, a dim, hazy, dark- coloured film stretches 
all round it for a depth of perhaps about one-twentieth 
of an inch ; if we then bring another finger near to 
the one at which we are looking, so that the one may 
nearly touch the other, in the way shown in Fig. 10, 
we shall see, by looking between the two fingers, 
that, as one finger gets near the other, the hazy films 
about the approaching surfaces meet when the 
fingers are as close to each other as in Pig. 10, and 
a dark band marks the junction of the films. If 
the fingers are brought still closer together other 
dark bands appear, which, when the fingers get still 
nearer together, though before they are actually touch- 
ing, coalesce, and form dark patches of the same pink 
colour as the hand at the joints, where, owing to 
the prominences, the surfaces are closer together 
than elsewhere ; finally, when the fingers touch the 
alternating bright and dark bands merge here and 
there at points, where light still finds its way through, 
into the spots with concentric rings, alternately bright 
and dark, seen in minute holes or upon fine points. 
If the fingers are slightly wetted before the hand is 
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held up, the same patches will be formed with water 
instead of with air. 

If, while we are looking at one of the spots of 
light in a minute hole in some opaque substance, we 
pass a card or some other flat opaque body slowly 
between the eye and the hole, so as gradually to cut 
off the rays of light which pass through the hole 
from entering the eye, we shall find that if the 
card is passed across from above downwards the 
bottom portion of the spot of light is first obscured, 
and the top portion the last to be obscured ; whilst 
if the card is passed from below upwards the top 
portion is the first and the bottom portion the last 
to be obscured ; or if the card is passed across side- 
ways from left to right, then the right side of the 
spot is the first and the left side the last to be 
obscured ; or if the card is passed from right to 
left, then the left side of the spot is the first and the 
right side of the spot the last to be obscured. Thus 
the shadow of the card always moves across the spot 
in the opposite direction to that in which the card is 
moving, or in the reverse direction to that in which 
a shadow ordinarily moves, clearly showing that 
the image of the spot is reversed in the eye. 

Again, if while looking steadily at one of these 

spots of light in a minute hole or on a fine point 

the eye is gradually closed, we shall find that the 

pot is gradually reduced from a perfect disc to a 
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narrow horizontal streak, consisting of a series of 
bands alternately bright and dark, intersected by a 
number of dark spaces due to the shadows thrown 
by the eyelashes (which shadows, it may be noticed, 
will be seen in strong light to be made up each of 
a series of fine bands, alternately dark and bright), 
and finally the spots will be entirely obliterated 
when the eye is quite closed. If, however, after the 
eye has been so far closed as to convert the spot of 
light from a disc into a streak, the lids are kept for 
some time in the same position, thus nearly closing 
the eye, and the streak of light thus obtained is 
steadfastly contemplated all the time, and then the 
eye is suddenly opened to the full extent so as to 
see once more the spot as a perfect disc, a persistent 
image of the streak with its bright and dark bands 
will be seen right across the disc for several seconds, 
though gradually getting fainter and fading away. 
The persistence of the bright and dark horizontal 
bands of the streak across the circular bright and 
dark rings of the spot, seems to show that the 
bright and dark bands in the streak represent a 
series of alternating ridges and furrows, either in 
the retina of the eye or on the surface of the brain, 
and not merely a series of illuminated and unillu- 
minated spaces. It would almost seem that these 
persistent horizontal bands are due to the motion of 
the eyelid, since they begin to appear at once 
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directly the lids begin to more, whereas they do not 
appear to be fttrmed when a spot of light is con- 
verted from a disc into a streak by the passage of a 
card or other flat opaque substance between the eye 
and the hole or point on or in which the spot is 
formed, also the bands are even more distinct in a 
dim than in a very strong light. We have thus, 
perhaps, here, an illustration of the way in which 
images of objects are obtained by the changes 
produced in the grouping of particles in the brain 
by the combined action of force acting through 
feelers or eyes, and that displaced from muscles 
attached to the feelers or to the eyes. 

The fact that these spots of light are reduced 
from the form of a disc to that of a semicircle or 
of a segment of a circle, and finally to that of a streak, 
when the eye is partially closed by the drooping of 
the upper eyelid, shows that the size and form of 
the spots depend upon the size and form of the 
upil of the eye. This is further shown by the fact 
hat if several fine bright points, or several exceed- 
ingly minute holes close together, are examined in 
ftce of a single point or a single hole, a number of 
ots correspondiug to the number of the points or 
>les will be seen, in place of the single spot seen 
rith a single point or hole ; and when a number of 
ipots are seen together it is to be noticed that all 
are of exactly the same size one as another. This 
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also is shown by the additional fact, that under a 
dim light, when the size of the pupil, as we have 
seen in the preceding paragraph, is large, the spots 
are larger than they are under a strong light, when, 
as we know, the size of the pupil is reduced. 

If, keeping in remembrance the general appear- 
ance of the spots of light, with their concentric 
rings, alternately bright and dark, and with the 
outermost ring a bright one, and with their reversed 
images, we now go into a dark room, and apply 
pressure, by the tip of the finger or by any pointed 
substance, to the portion of the ball of one of our 
eyes lying between the pupil and the nose, a spot of 
light, known as a phosphene, consisting of a number 
of more or less concentric rings, alternately bright 
and dark, of which the outermost ring is a bright 
one, will make its appearance on the opposite side of 
the eye to that at which the pressure is applied. If 
we shift the point of application of the pressure the 
spot will shift too, keeping always on the opposite side 
of the eye to that at which the pressure is applied ; 
thus, if pressure is applied above the pupil, the spot 
will appear below the pupil; if the pressure is 
applied below the pupil, the spot will appear above ; 
or if it is applied on the left side of the pupil the 
spot will appear on the right side, and so on. If 
pressure is applied to the eyeball when the eye is in 
strong light, a dark spot, apparently produced by 
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the nerves of the eye being fatigued, in the same 
way that they are fatigued with the result of in- 
ducing temporary blindness under the action of 
excessively strong light, is seen in the same 
relative position as the bright spot is seen when 
pressure is applied to the eyeball in a dark 
room. 

In the fact that the general appearance produced, 
both when rays of light pass from a pointed sub- 
stance, or through a hole made by that pointed 
substance, into the eye, in such a way that their 
action is not interfered with by other rays, and 
when force is transferred from a pointed substance 
to the outside of the eye, is fchat of a spot of light 
made up of concentric rings, alternately bright and 
dark, of which the outermost ring is a bright one, 
and having its image reversed, we have evidence in 
regard to the action of light which seems irresistibly 
strong, and the more so if it is noticed that the 
application of pressure to the eye produces no effect 
if it is applied over the pupil, or unless it is applied 
over the portion of the eye lined by the retina, or 
in other words to the same portion of the eye as 
that on which rays of light act. For if, setting 
aside minor differences, the effect produced by the 
transfer of force in the form of light from a pointed 
substance to the inside to the eye is the same as that 
produced by force transferred from a pointed sub- 
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stance by pressure to the outside of the eye, it is 
clear that the action of light on the inside is that of 
a dragging force tending to draw in the portion of 
the retina on which it acts, since the tendency of 
pressure applied to the outside is to drive in the 
portion of the retina upon which it acts, and thus 
produce condensation by the action of displaced 
compulsive force, as we have seen at paragraph 
33. 

121. The eye is clearly the most important of all 
the organs of sense connected with what may be 
called the intelligence department. The ear is 
another organ connected with the same department, 
though a less delicate one than the eye ; for whereas 
the eye is very readily excited to action by any 
development of compulsive force in the form of 
light, the ear is only excited by force received by 
motion and impact (see paragraph 49), or in other 
words, by the blows struck upon it by masses of air 
set in motion by impulses of force, which they are 
unable to transfer without change of position. The 
ear is made in the form of a thin membrane, which, 
moving readily under the action of force, transfers 
force received by the impact of a mass of air in a 
motion against it, by a blow or a succession of blows 
to the brain. The membrane of the ear is placed in 
depression in the surface of the body, and otherwise 
fenced round, so that impulses of force may reach it 
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from one direction only, and thus animals may know 
the direction from which the soands or blows which 
excite the ear come. The force which the brain 
receives by blows from the ear, when not utilized in 
setting up motion in the muscles of the limbs or 
other parts of the body, produces changes in the 
grouping of particles, which are duly registered or 
stored up in the brain in the form of sound pictures, 
representing the strength and frequency of the 
blows, but not the size or conformation of the sur- 
face from which the blows were received. The 
animal being furnished with two ears can transfer 
sound pictures across from one side of the brain to 
the other, and thus reproduce sound pictures by 
memory, in the same way that it reproduces pictures 
produced by touch or sight. 

122. The sensations of taste and smell, though 
due, like other sensations, to force, diflfer from those 
of feeling, seeing, or hearing, since they seem to be 
due to force developed in the tissues of the body by 
changes of chemical combination in the particles of 
which the tissues are made up, induced by con- 
tact with the particles of the masses of matter tasted 
or smelt. This is very clearly indicated by the fact 
that oxygen gas, which in the ordinary form is an 
inodorous gas, becomes odorous when condensed 
into ozone, and also becomes exceedingly active, so 
that it acts strongly upon organic substances, on 
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whicli in the form of oxygen it has no action (see 
paragraph 66). 

By the sensations of taste and smell an animal is 
enabled to discriminate between the different kinds 
of food available for use, or to tell whether gases 
unfavourable' to existence are present in the air 
about it. 

The force developed by the changes of grouping 
in the particles of the tissues connected immediately 
with the organs by which the sensations of taste 
and smell are produced, being transferred to the 
brain by the nerves of taste and smell may be con- 
ceived to induce changes in the grouping of the 
particles of the brain at the root of the nerves, in 
the same way as changes of the grouping of par- 
ticles of the brain are induced by force reaching the 
brain by the other sensor nerves, and thus a series 
of taste or scent pictures are stored up in the brain. 
Since the animal is furnished with two nostrils, 
scent pictures can be reproduced by memory at any 
time. 

The membrane in which the changes are induced 
by which the force producing the sensation of smel] 
is developed, is placed in a depression and other- 
wise fenced round, in much the same way as the 
membranes connected with the sensations of sight 
and hearing are placed in depressions and fenced 
round, so that gases by whose presence the changes 
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producing the sensation of smell are set up. may 
reach the nostrils from one direction only, and thus 
the animal may be informed of the quarter from 
which the gases come. 

123. An animal endued with the power of loco- 
motion, and with a stomach or sac in which a supply 
of food to furnish fuel for locomotion and material 
for growth can be stored ; furnished also with the 
necessary appliances for collecting and storing food 
in a proper condition for use, and with senses to enable 
it to select the kind of food which it requires; furnished 
also with senses to enable it to discern from a dis- 
tance, whether by night or day, the position and 
characteristics of animals, or vegetables, or inani- 
mate masses of matter around it; furnished also 
in its brain with a store of pictures representing the 
characteristics of other animals, vegetables, or 
inanimate masses of matter it has before met with, 
and able to institute comparisons by the operation 
of memory between the pictures representing the 
characteristics of friends and foes and of situations 
and things beneficial or noxious which it has before 
met with, with those of the beings or things at tJie 
time present before it, and thus to discern whether 
it is in the neighbourhood of beings friendly or 
hostile to it, or in that of things or situations 
noxious or beneficial,— ;-is able to look after itself, 
having a fund of experience, or, in other words, a 
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stock of brain pictures, on which to rely for guidance 
in any emergency. But if animals require to be so 
well furnished before they are able to do for them- 
selves, it is plain that if they are developed from a 
simple cell or group of cells, as plants, as we have 
seen, are, they would be in a bad way if turned 
adrift as simple spores or seeds to do for them- 
selves ; hence we find with animals that the young, 
even when they are separated from the parent in 
the egg form, are provided with a stock of food in 
the shape of yolk globules, on which they can sub- 
sist, and that the eggs are not scattered at random, 
as the seeds of vegetables are, but are carefully 
placed in some situation where heat and moisture 
will reach them, and are sometimes, as in the case 
of birds, placed in a nest and supplied with warmth 
and moisture by contact with the body of the parent 
by the process of incubation, and are when hatched 
from the egg generally fed and cared for until they 
have acquired strength and experience to do for 
themselves. In the case of others of the higher 
animals whose young do not separate from the 
parent in the egg form, the young remain attached 
to the parent until, in many cases, they are perfectly 
developed, and when they separate are fed by fluid 
secreted by the parent, and cared for until they 
have acquired suflScient strength and experience to 
do for themselves. The young animal may be as- 
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sisted in acquiring the necessary experience, or in 
stocking its brain with pictures, by warnings com- 
municated through the eye or ear by the parent ; or 
it may perhaps in some cases acquire hereditarily 
the necessary layers in its brain to enable it to 
perform the functions devolving upon it, by instinct 
as we are accustomed to call it. 

We have seen, in paragraph 113, that plant cells 
naturally differentiate into cells of two kinds, one kind 
fitting themselves to inhale gases, strain out carbon 
from carbonic acid, and elaborate starch, and taking 
the form of leaf cells; the other kind fitting themselves 
to imbibe the moisture and salts from the earth re- 
quired for the proper growth of the plant, and taking 
the form of root cells. We have seen also how 
when the plant is in full vigour, at certain seasons 
when the conditions under which the plant is grow- 
ing are specially favourable to the secretion of cell- 
forming material, it may happen that a superabun- 
dance of cell-forming material may be secreted, and 
that then abnormal outgrowths, which cannot be 
permanently retained, of leaves in the form of young 
])lants or in the form of flowers with petals and 
stamens, or of roots in the form of tubers or bulbs, 
or in the form of pistils with ovaries will occur ; 
and how that if a mass of leaf cells from the 
stamens should come in contact with a mass of root 
colls in the ovary of a pistil the conjugation of the 
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two masses will give rise to a new mass containing 
both root cells able to imbibe moisture and salts 
and leaf cells able to inhale ga^es and elaborate 
starch, and therefore perfectly fitted to develope 
into a plant; and that accordingly the mass of 
conjugated root and leaf cells will, under favourable 
circumstances, quickly develop into a young plant, 
and covering itself with a husk take the form of a 
seed. We shall not, therefore, have much diflSculty 
in understanding how animals too, when in full 
vigour, may at certain seasons, when the conditions 
are specially favourable to growth, secrete a super- 
abundance of cell- forming material ; and how ab- 
normal outgrowths which cannot permanently be 
retained will then be developed by them. But 
inasmuch as the animal obtains, as we have seen, 
all its supply of food and moisture from its stomach 
and lungs, or by root cells, and requires only 
from its outer cells a supply of force to enable it to 
initiate the changes on which the movements of its 
muscles depend and to supply it with intelligence, 
and its cells, instead of differentiating into root and 
leaf cells as do those of plants, differentiate into 
root cells and nerve cells ; when then a super- 
abundance of cell-forming material is secreted by 
the animal, the consequent abnormal outgrowths 
will take the shape of nerve cell material in the 
form of spermatozoa corresponding to the leaf cell 
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masses of pollen produced by the plant, or that of 
root cell material in the shape of ova corresponding 
to the ova in the ovaries of tho pistils in the plant, 
or in the shape of buda by gemmation as in the case 
of the protozoa, or in the shape of young animals by 
parthenogenesis in the nietazoa (Balfour's " Em- 
bryology," pp. 5 — 12). And if one of these sper- 
matozoa or masses of nerve cell material should 
come in contact with an ovum or mass of root cell 
material it is plain that the conjugation of the two 
masses will give rise to a single mass containing the 
two kinds of cells required for the development of 
a perfect animal j and accordingly it is found that 
if the conjugation of the two masses should take 
place under favourable cu'cumstancea the develop- 
ment o£ cells of the two kinds called respectively 
epiblast and hypoblast cells will at once commence, 
by the process of segmentation or division of the 
mass, first into two parts, then into four, then into 
eight, then into sixteen, then into thirty-two, theu 
into sixty-four, and so on, parts, which first arrange 
themselves in tho form of a blastospbere or 
spherical shell about a segmentation cavity; and 
then, when the blastoaphere has been formed, the 
hypoblast separate from the epiblast cells, either ^f 
one-half of the blastosphere bulging inwards and 
forming a two-layered hemisphere, with the hypoblast 
layer inside and the epiblast layer outside, or by the 
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blastosphere splitting into two layers, the inside 
layer being the hypoblast one. The epiblast layer 
subsequently develops a cuticle and nervous sys- 
tem; the hypoblast develops the digestive and 
secretory organs (Balfour's " Embryology,^' pp. 75 
and 103). Finally, with the addition of mesoblast 
cells, differentiated partly from the epiblast and 
partly from the hypoblast cells, the complete animal 
is developed. In the lower animals, in some cases, 
both spermatozoa and ova are developed by the 
same individual, just as stamens and pistils are in 
most cases developed on the same plant. But in 
the higher animals, spermatozoa or nerve cell masses 
are developed by the male, and ova or root cell 
masses by the female; just as with some plants 
stamens alone are developed by some plants and 
pistils by others. 

124. We have seen, in paragraph 110, the extreme 
importance to an animal or plant of the colour of 
the different parts of its body, leaves, or flowers, 
since the colour determines the quantity and kind 
of force admitted to or reflected from the coloured 
part in the shape of light and heat. We may 
notice then how very generally dark bands or 
patches are found, often contrasted with light ones, 
on parts where great muscular activity prevails. 
Thus the fore part of the front and hind legs of 
animals is usually dark coloured, or darker than the 

T 2 
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rest of thie body ; so ako dark-colaured necks and 
mnssEles and dark patches about the eyes and along 
the back are often found; also dark-coloured 
bands and patches are often found on the wings 
of birds or butterflies. The eye-spots on cater- 
pillars^ such as CSh»rochampa Elpenor (the Ele- 
phant Hawk Moth)^ orer the place where the 
future wings are to come, seem also specially 
deserving of notice. 
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CHAPTER VII. 



CONCLUSION. 



Let OS hear the conclusion of the whole matter : Fear God and 
keep His commandments, for this is the whole duty of man. For 
God shall bring every work into judgment, with every secret thing, 
whether it be good or whether it be evil. — Ecclesiastes xii. 13, 14. 

125. Perhaps it may have seemed to some that we 
have drifted away altogether into materialism and 
got clear of God. We have seen that life has a 
physical basis, that it consists essentially in the suc- 
cessive expansions and contractions set up by the 
action of heat and light in a cell or mass of matter 
consisting, on the outside, of certain albuminous 
compounds which contract readily under the action 
of compulsive force, on the inside, of a quantity of 
fluid. We have seen too that by the expansion 
of its walls a cell of this sort is made to drink in 
gases and fluids, which, when subsequently con- 
densed by the contraction of the cell, enter into 
combination with some of the liquid or solid par- 
ticles in the fluid inside the cell, and form material 
for the growth of the cell by the enlargement of the 
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cell walls, or for the growth or development of the 
body of which the cell forms a part by the forma- 
tion of walls for other cells, or for the formation of 
a membrane or a hard coat to strengthen the out- 
side of the cell walls ; also, that by the subsequent 
contraction of its walls the interior of the cell is 
made to give up the material it has secreted, and 
that this as it passes drops into some vacant place 
in the walls, and, coming to rest, increases the size 
of the walls of the cell; or going further, lodges 
outside the cell and forms a membrane or hard 
sheath ; or going still further, forms the nucleus of 
another cell ; or going on, enters some other cell and 
furnishes it, after it has undergone further combina- 
tion, with material for the elaboration of the more 
complex secretions which the animal requires for 
the processes of digestion, mastication or lubrication, 
or with material for forming the different kinds of 
sheaths which cells in different situations require 
to enable them to form bone and ligament, nerves 
and skin, or woody fibre, bark, and bulb. And thus 
the perfect animal or the perfect plant is built up, 
whether, as in the lowliest forms, it consists of a 
simple string or bundle of cells, or whether, as in 
the highest forms it possesses a trunk with roots 
and branches and leaves able to develop flowers 
and fruit, or a body with limbs and stomach heart 
and brain, able, like the tree, to reproduce its kind. 
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We have seen also that the formation of cells is 
due to the tendency to arrange themselves in 
groups in regular order which particles of e very- 
form and at every stage exhibit under the action 
of the two forces of compulsion and repulsion with 
which they are endued, and owing to which not 
only cells and animate bodies or aggregations of 
cells are formed, but also crystals and amorphous 
masses of matter, and inanimate heavenly bodies 
in the shape of sun, moon, and stars, which are 
aggregations of crystalline and amorphous masses, 
are built up and sustained. And hence at first 
sight it may appear that we have quite banished 
supernatural agency, and substituted for it a me- 
chanical agency, and thus have struck off blindly 
into new paths where there are none of the old 
landmarks to guide us. But indeed it is not so ; for 
though no doubt we have tried to explore new 
paths, the old well-known landmarks have been 
in sight throughout our journey, and they are in 
sight now at its close if we will but open our eyes 
to see them. 

The proverb says that extremes meet. And what 
then is this compulsive force, with which every 
particle, and every mass, and every body animate 
or inanimate, is begirt, and being thus begirt is 
compelled to take its appointed place from time 
to time, in gi*oup, or cell, or crystal, or mass, 
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or body, in solid, in liquid, or gas, and to move 
into its place always in a perfectly orderly way 
— but a manifestation or an expression of the 
will or power of God, Omnipotent, Omnipresent? 
And what then is the repulsive force with which too 
every particle, every mass, and every body animate 
or inanimate, is begirt, and being thus begirt en- 
deavours constantly to escape from the positions 
into which it is brought by compulsive force, in 
group or cell or crystal or mass or body, and thus 
to resist and undo and frustrate and mar the work 
of the controlling all-compelling power — but an 
expression of the power or will of the power or 
powers of evil constantly opposing and resisting 
the power of God or Good? There can be no 
mistaking this ; here we are face to face again with 
the old Bible story of a conflict ceaselessly going 
on between the two powers of Good and Evil — the 
same story, too, which is at the base of all religions. 
Only the story is traceable here not merely in books 
or in pictures, but everywhere, in the densest -solid 
mass or in the lightest vapour, in the tiniest atom 
and in the largest orb, written — or rather, modelled — 
on every one of the thousands of particles of which 
even the tiniest atom we can recognize is made up. 
126. We thus bear about us in every fibre and cell 
in our bodies, repeated over and over and over again 
upon each one of the thousands upon thousands of 
particles of which. eaciVi oi \i\io'e»^ ^^^^ ^^<^ ^<2i\L^ \i 
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made up^ a story of creation which is substantially 
the same as that we find in the Bible. Let us 
look at it .then. The story repeated upon each 
particle shows, first, a world of disorder, a wild con- 
fusion of atoms each in the grasp only of repulsive 
force — an earth ^^ without form,^^ to use the words 
of the Bible ; and then comes compulsive force or 
light, as the Bible says, upon the scene, and im- 
mediately particle joins particle to form groups, 
and group joins group to form masses, and mass 
joins mass to form the heavenly orbs, and orb 
unites itself to orb to form solar systems which 
draw towards the source of light, and as they draw 
towards it commence to revolve owing to their 
being nearer on one side than on another to some 
other orb and therefore better able to transfer force 
on that side than on the other, and thus as they 
revolve each half of these orbs is alternately illu- 
minated and left dark — or light is divided from 
darkness, as the Bible story says. 

We pass then to the next scene : and now we see 
the gaseous orbs of the last scene brought so much 
nearer to the source of Ught that their masses have 
differentiated into liquid and gas, owing to the dis- 
placement of repulsive force by compulsive force 
about their particles, and the denser liquid masses 
have drawn to the difierent centres — or, according 
to the Bible story, a firmament divides the waters 
from the waters. 
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We pass on to the third scene : and now the orbs 
have drawn so much nearer to the source of hght, 
and compulsive force has in consequence so far 
displaced repulsive force about many of the par- 
ticles, that the diflferent masses in the liquid orfas 
of the last scene have differentiated into solid and 
liquid — or, according to the Bible story, the dry 
land has appeared. 

So far the scenes have been just those with which, 
on a minute scale, we have been familiar in chemistry 
— in fact, just those summarized in the first part of 
paragraph 113. 

And now we have to turn to the cells for the 
rest of the story, and in them we find represented 
another scene, where the view is taken off from the 
great orbs with their solid land masses and liquid 
seas and densely clouded skies first to a narrow 
spot where, from a few albumin and water groups 
of particles grouped together in a tiny mass, the 
first living plant cell is evolved, somewhat in the way 
explained in the last part of paragraph 11 3 — and then 
a little further on this first plant cell has increased 
and multiplied and developed into thousands of 
forms — lichens, mosses, ferns, grasses, weeds, flower- 
ing plants and trees — which cover not only all the 
low-lying land, which being richly charged with 
salts washed down from the higher ground is 
fitted to support plant life, but also fill the shallow 
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waters — or, according to the Bible story, the earth 
has ^^ brought forth grass and herb yielding seed 
after his kind, and the tree yielding fruit whose 
seed was in itself after his kind/^ 

Once more the scene changes : and now we have 
a representation of the differentiation of the plant 
form into the animal form, with stomach sac and 
root-like limbs, somewhat after the manner de- 
scribed in paragraph 114. And we notice that the 
complete development of the animal forms takes 
place in water, at a time when heavy torrents fill 
the shallow lakes and estuaries with masses of 
bruised vegetable matter carried down from the 
hills, and thus furnish an abundance of food suitable 
for assimilation in the stomach sacs of the primitive 
animals ajso carried down by the torrents into the 
estuaries. According to the account in the Bible, 
the sun and moon become visible just before the 
first creation of animal forms, thus implying that 
the sky had become clear, and indicating, as we may 
assume, that a condensation of heavy clouds 'pre- 
viously enveloping the earth and obscuring the 
sun had taken place, and therefore that the time 
was one of heavy rain. The Bible story further 
shows, that the first development of animal forms 
took place in the water, and that the waters 0^^^^ 
brought forth ^^ abundantly the moving creature 
that hath life.'' 
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And then, in the last scene we have, both in the 
Bible and in the particles of the nerve cells of the 
higher animal forms, a representation of the de- 
velopment of the higher animals forms from the 
lower. 

So that if we put away the childish objection that 
the Bible account implies that each one of the 
successive acts by which the creature was completed 
took place in a day of twenty-four hours, we see that 
the two accounts exactly tally. 

127. But besides the story of Creation we may 
learn something more from the particles ; for since 
we see that repulsive force is almost as necessary to 
our well-being as compulsive force, it is clear that a 
fair amount of resistance or opposition is good, and 
that resistance and opposition only become evil 
when carried to excess, and when they strive to get 
absolute sway. But the Bible also tells us that the 
powers of evil were once angels of God, and that 
they '^ kept not their first estate, but left their own 
habitation,'^ (Jude 6). The particle also tells 
further, since it is part of a solar system which is, 
as astronomers tell us, being continually drawn 
towards one point in the heavens, that though repul- 
sive force most strenuously opposes the action of 
compulsive force, yet that its resistance is being 
slowly and steadily overcome, so that one day our 
earth will become a solid mass, without any liquids — 
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and " there will be no more sea ;" and then all life 
in its present forms will be impossible — and there 
will be " a new heavens and a new earth/^ 

128. The cell, besides the creation story, repre- 
sented on its particles and in its groups, can further 
tell us that suffering is the order of this life, and 
that nothing is done without suffering — not always 
painful suffering, but still suffering. Thus the cell 
suffers expansion, and, being empty or hungry, 
takes in the supply of liquid and gaseous particles 
necessary for the elaboration of material to supply 
its own wants and the wants of kindred cells. 
Again, it suffers contraction, and being distended 
gives up the material required for the growth of its 
walls, or for the growth or formation of kindred 
cells. Again, the cell tells of vicarious suffering — of 
plant cells suffering willingly to supply kindred 
plant cells ; of plant cells suffering unwillingly to 
supply animal cells in which they have no interest ; 
and of animal cells suffering willingly and unwillingly 
to supply other animals cells. And therefore we 
see that the Bible story — that when men had gone 
over to the side of the Powers of Evil and were 
alienated from God, it was necessary in order to 
win men back to life that the Son of God, taking 
man^s form, should suffer as a man for men — is 
strictly in accordance with other parts of the life 
story. 
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129. We find that all through the Bible light is 
connected with God and God^s habitation; and a hot 
place, a furnace, or a lake of fire, is spoken of as the 
habitation prepared for the devil and those who side 
with him. Thus God is spoken of as covering Him- 
self with light as with a garment (Ps. civ. 2) ; and 
mention is made of Him as " dwelling in the light 
which no man can approach unto^^ (1 Tim. vi. 16) ; 
also of a city which " had no need of the sun, neither 
of the moon, to shine in it : for the glory of God did 
lighten it, and the Lamb is the light thereof^' 
(Eev. xxi. 23). 

And on the other hand, the Bible speaks of a 
" lake burning with fire and brimstone : which is the 
second death ^^ (Rev. xxi. 8) and of '*^an everlasting 
fire prepared for the devil and his angels^' (Matt. xxv. 
41 ) . It says that ^^ a day cometh which shall bum 
as an oven; and all the proud and all that do wickedly 
shall be stubble : and the day that cometh shall burn 
them up ^^ (Mai. iv. 1). 

Also the Bible says, that '^the Son of Man shall 
send forth His angels, and they shall gather out ol 
His kingdom all things that offend, and them which 
do iniquity : and shall cast them into a furnace of 
fire : there shall be wailing and gnashing of teeth, 
'llien shall the righteous shine forth as the sun in 
the kingdom of their Father ^^ (Matt. xiii. 41 — 43). 

1 30. The natural life alone has hitherto been re- 
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ferred to ; and no mention has been made, except in 
paragraph 128, of a higher life. But it is clear that 
the life of Him, by the operation of Whose will the 
natural life was originated and is sustained, must 
be something very different from the natural life 
itself — must be something far above our compre- 
hension. Though doubtless it is this higher life 
which is referred to in Genesis ii. 7, as having 
been breathed into the nostrils of the first man, and 
doubtless it is the loss of this higher life which 
constitutes the " second death.^^ 



INDEX. 



Albumin, 218. 

„ its conversion iuto Cellulose or Starch by Light explained, 
219, 223. 
Animal fornix, their development from vegetable form, 231. 

„ „ their wants, 230. 

Atoms, central, of partides, 38. 

„ „ are not at all of the same size, 100. 
Attractive Force a form of Compulsive Force, 1. 
Attraction, Electrical, 142. 

Electro- Magnetic, 151. 
Magnetic, 152. 






Bbain, the action of the, as a system of Electrical condensers ex- 
plained, 238, 
„ the pictures formed in the, by force impulses transmitted by 
the organs of sense, 249. 

Calobescencr, 209. 

Cells, vegetable, their composition, 217. 

„ „ their development and growth, 218 

„ „ differentiate into root cells and leaf cells, 227. 

„ V, the growth of the, under strong light, 225. 

„ „ the way in which they sift the Carbon out of Car- 

bonic Acid Gas explained, 221. 
Cellulose, 219. 

Centrifugal Force a form of Repulsive Force, 3-6. 
Centripetal „ „ Compulsive Force, 1-4. 

Chemical „ „ „ „ 2-4. 

Cohesive „ „ „ „ 2-4. 

Cloud formed in Sulphur Dioxide by Light, 103. 
Colour bands of Spectrum, 205. 
Colour of various parts, the importance of, to Animals and Plants, 

209, 275. 
Combination by Volume, the Laws of, 99. 
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Compounds, Cbemical, are aggregations of groups of particlc«j 

y, „ the groups ot can combine with the groaps 

of other compounds, 118. 

Chemical, the particles in g^ups of, are bound together 
by Compulsive Force, 4, 117. 

Chemical, the particles in, are closer together than 
uncombined particles^are, 116. 
Compulsive Force, 4. 

,, introduces law and order, 6» 

is an expression of the power of God, 280. 
„ „ is slowly overcoming the resistance of Repulsive 

Force, 284. 
„ Force, tends to form particles into groups, groups into 

masses, masses into orbs, orbs into solar systems, 5. 
Creation, the story of, as told by the particle and cell, 281. 
CrystallizatioUj the luminous effects sometimes attending, how ex- 
plained, 123. 
Crystals, Cubic, their formation explained, 54. 

„ regular Octohedral, their formation explained, 57. 
„ Rhombic Dodecahedral, their formation explained, 58. 
Currents of Flectricity if confined to a narrow road develop Light 
and Heat, 169. 
„ of Electricity if given a wide road develop Force, 151, 

169. 
,, of Frictional Electricity, 150. 
„ of Galvanic „ 128. 

„ obtained from Magnets, 160. 
,, „ „ Selenium by Light, 165. 

„ Thermo-Electric, 163. 
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DiFFEACTION, 201. 

Double Refraction, 199. 

Ear, the action of the, on the Brain explained, 267. 
Earth, the surface of the, a Thermo-Electric Battery, 164. 
Electricity, Frictional, 141. 

„ Galvanic, 128. 

Electric-Light, the, 134, 170. 
Electrolysis, 135. 
Electro-Magnetism, 151. 
Emission Theory, the mistake of the, 10. 
Expansion of Water in freezing, explained, 33. 
Eye, the action of the, on the Brain explained, 252. 

,, the human, the adjustments of, 258. 
Kyes, Pictures produced in the Brain by the, 250. 

KwiiLERS, the action of, on the Brain, 247. 
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Feelers, Pictares produced in the Brain by the, 249. 
Films of coadensed air particles formed about Electrified Bodies, 
148. 
„ of condensed air particles formed about the poles of Magnets, 

157. 
„ of condensed air particles formed about surfaces of Solids, 
35, 261. 
Flowers are abnormal outgrowths of leaf and root cells, 228. 

„ the colour of different parts of, 229. 
Fluorescence, 208. 

Force, two kinds of only, in the Universe, 5. 
„ Envelopes, definition of the term, 40. 
„ „ their form, 51. 

Frictional Electricity, 141. 

„ „ currents of, are similar to Galvanic Currents, 

151. 
Friction, a method of receiving Force, 79. 
„ is of two kinds, 79. 

Gaseous state, the, due to excess of Repulsive Force, 31. 
Gases, elementary, can be liquefied and solidified, 85. 

will not combine unless Compulsive Force is 
applied to the mixture, 86. 

when combining emit Heat, 87. 
in motion transfer force to Solids or Liquids, 80. 
receive force from Solids or Liquids in motion, 79. 
Gravity a form of Compulsive Force, 1, 4. 
Group, an aggregation of particles, 2. 

Groups are formed by action of Compulsive Force on particles, 
5, 126. 
„ behave as single particles, 118. 
Group forming tendency, the, in mixtures of Gases, 86. 

in Liquid mixtures, 89. 
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Heaet, the action of, due to Light and Heat, 241. 
Heat a form of Repulsive Force, 4, 6, 

is emitted from decomposing bodies, 174. 
„ when Gases combine, 87. 
„ ,, when heated bodies are removed to a cool place, 

174. 
currents of Electricity produced by, 163. 
rays are reflected by Compulsive Force bonds, linking particles 
together, 180. 
„ „ travel by Repulsive Force struts, separating particles, 
180. 

the Double Refraction of, explained, 200. 
the Magnetization of, explained, 202. 
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Heat rays, the Polarization of, explained, 194. 
„ „ the Refraction of, explained, 199, 
„ „ the Undulatory Movement of, due to opposition of Com- 

pnlsive Force, 9, 183. 
„ the sensation of, due to action of Repolsive Force impulses on 
the nerves, 8. 
Heating the negative plate sets up energetic action in a Galvanie 
pair (Faraday's Experiments), 131, 155. 

Impact, 73. 

„ a method of receiving force, 79. 
Induction coils. 166. 

Letfb, the mechanical principle of the, 178. 
Light, Currents of Electricity produced hy, in Selenium, 165. 
„ the Electric, its nature, 170. 
„ „ is produced when Currents of Electricity are 

confined to a narrow road, 169. 
,, emitted from decomposiug substances, 174. 
„ ,, when Solids combine with Gases, 92. 

when strongly illuminated substances are removed to 
a dark place, 174. 
rays are reflected by Repulsive Force struts sei)Hrating par- 
ticles, 179. 
„ rays travel by Compulsive Force bonds linking particles 

together, 179. 
„ rays, tlie Diflraction of, explained, 201. 
„ „ the Double Refraction of, explained, 200. 
,, „ the Ma^'netization of, explained, 202. 
,, ,, the Polarization of, explained, 184. 
,, „ the Refraction of, explained, 195. 

„ the Undulat(»rv Movement of, due to the opposition of 
Rcj)ulsive Force, 9, 181. 
the sensation of, due to action of Compulsive Force impulses 
on the retina, 8, 255. 
Limbs, the movements of, how effected, 235. 
Li(juids formed by the combination of two Solids, 89. 
>j >» » »» »> >» vjuses, 00. 

„ in motion transfer force to Solids, 80. 
„ receive force from Solids in motion, 70. 
Liquid state, the. is intermediate between the Solid and the Gaseous, 3L 
Luminil'erous Kther, a, not required, 10 
Luminosity of Olefiant Gas exphiined, 121-. 

Magnetism, 151. 

Mngneti'/iitioii of Li<rht and Heat rays, 202. 

Motion a nietbod of truuslerring force, 79. 
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Motion is of two kinds, 71. 

Muscles, the action of, explained, 235. 

Ozone, the activity of, due to condensation, 115. 

Pabtigles are connected by Compulsive Force with all other pai*ticles 
in whatever state contiguous to them, 38. 

consist of central atoms in Force Envelopes, 40. 

of the same kind are all of the same weight, 12, 97. 

of different kinds differ in weight, 12. 
Plants, the Reproduction of, how effected, 228, 272. 
Platinum, heated, the action of,.on Liquids and Oases, 127. 
Polarization of Light, 184. 

„ of Heat, 194. 

Prism, the scattering action of, on Light and Heat rays, 203. 

Ked rays, their composition, 206. 

Refraction, 194. 

Reproduction in Animals, how effected, 273. 

Plants, how effected, 228, 272. 
Repulsion, Electrical, how explained, 148, 150. 

„ Magnetic, „ „ 157. 

Repulsive Force ; Centrifugal Force, Heat, and Positive Electricity, 
are different forms of, 6. 
„ Force opposes Compulsive Force, 6. 
,y „ is an expression of the will or power of the powers 

of Evil, 280. 
„ Force separates and scatters, 6. 
Rotation, 81. 

ScEKT Pictures formed in the Brain, 269. 

8eeds are young plants formed by the conjugation of root and leaf cell 

masses, 229, 273. 
Sensation, the, of Heat is due to Repulsive Force, 8. 

„ „ of Light is duo to Compulsive Force, 8, 266. 

Sight Pictures formed in the Brain by the Eye, 256. 
Smell, the sense of, 268. 

Solid state, the, is due to excess of Compulsive Force, 31. 
Solids, Elementary, can be hquefied and vaporized, 85. 
in uioiion transfer force to Gases, 79. 
receive force from Gases in motion, 80. 
when combining with Gases emit Light, 92. 
Sound Pictures formed in the Brain by the Eur, 268. 
Spectrum Analysis, 202. 

Struggle, a, between Compulsive and Repulsive Force constantly 
goes on, 6. 
„ the, between Compulsive and Repulsive Force> renders 
Changes, Work, and Sensation possible, 7. 
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SufieriDg is the order of this Life, 285. 

Sulphur, Dioxide Clouds formed in, by Light, 103. 

Tabtb, the sense of» 268. 

Thermo-£lectricity, 161. 

Thermo- Electric Currents, how developed, 163. 

Touch Pictures formed in the Brain by the Feelers, 249. 

Tubers are the counterpart of the Seed, 229. 

Ultba Red rays, the, 205. 

„ Violet rays, the, 205. 
Undulatory movement of Heat rays due to opposition of CompulsiTe 
Force, 9, 183. 
„ movement of Light rays due ta (^position of Repulsive 
Force, 9, 181. 

Violet rays, 206. 

Vortex rings, Professor Tait% 33. 

Weight, definition of the term, 97. 

Work, the power of doing, is due to the struggle between the Forces 
of Compulsion and Repulsion, 7« 

Ybllow rays, 206. 



THE END. 
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